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ABSTRAO*? 


An  otttmpt  to  itnprovo  the  efflolonoy  of  airbag  doooloratora  leads  to  a 
thorough  study  and  onolyals  of  the  present  barrel-shaped  bogSi  An  evaluation 
of  these  bags  and  airbag  deoelorator  reqtuirementa  results  in  a  new  oyllndrlool- 
shaped  bag)  Kethoda  of  pressure  metering  are  dlsoussed  and  a  new,  highly 
promising  varlable-dlamoter  orifice  Is  Inoorriornted  into  the  oyllndripal 
bog.  An  evalv>atlon  of  the  data  obtained  from  drop  tests  of  the  new  bags 
ik'.diootes  that  the  affloloney  has  been  increased  considerably  over  that  of 
previous  airbags. 
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TYPICAL  AIR  BAS  INSTftLLATION  ON 
AERIAL  delivery  PLATPQRVi 


I.  mODUCTION 


A  loAd  carrying  platforai  daaoandlng  via  parachute  must  ba  brought  to 
raft  upon  ground  contact  without  too  great  a  daoolaration  and  without 
axoaiilva  bouncing* 

Tha  alrbagfy  oontalnad  in  tha  platform,  must  be  capable  of  abaorblng  all 
daoalaratlon  foroaa  without  rabound  In  axoiaa  of  12  g  anoountarad  In  making 
ground  contact  at  a  vertical  velocity  of  30  f *p«a.  and  a  horliontal  velocity 
of  up  to  51  f*p*a*  Tha  matarlala  uaad  in  tha  airbaga  raquira  operation  of 
the  unite  throughout  tha  tamparatura  range  of  to  /  16o9P,  Although 
tha  alrbage  ware  never  taatad  to  thaea  axtramaa  of  velooltlea,  actual  air 
drop  taete  ware  aocompliahad  at  vertical  valooitiaa  of  30  f .p.a*  oombl^ad  with 
horliontal  valooitiaa  of  32  f*p.a* 

To  aatlafy  tha  objaotivaa,  tha  atudy  haa  been  broken  down  into  two  primary 
diviaioni  a a  followai 

1*  Tha  daalgn  and  development  of  preaant  daoalaratora* 

In  thia  phaae  of  the  atudy  the  daalgn  and  davalopmant  of  tha 
praiant  airbag  deoalarator  la  Invaatlgatad,  utillilng  available 
data  apeoiflad  In  Technical  Memorandum  Report  UOLEi«54^55i 
Technical  Notaa  W0LB;-53-147  and  W0Lfi-5A-41,  lockhead  Aircraft 
Corporation  Report  BR5A6  Qalao  0*3,  and  Stanley  Aviation 
Corporation  Raporta  41  ^d  119f  to  aatabliah  baaio  thaorlaa 
applicable  to  thia  configuration  and  to  obtain  clearly  defined 
anginaaring  daalgn  criteria  capable  of  predicting  performance  of 
tha  and  Item* 

2.  New  configuratlona  and  mathodi  of  preaaura  mater Ing* 

New  configuratlona  and  mathoda  of  preaaura  metering  are  Invaitl- 
gatad  to  aatabliah  baaio  thaorlaa  and  anginaaring  daalgn  data  for 
an  optimum  pneumatic  deoalarator  configuration.  The  retardation 
cycle  la  itudlad  from  tha  data  compiled  to  determine  tha  optimum 
airbag  deoalarator  configuration  compatible  with  currant  require- 
manta,  and  to  aatabliah  theory  and  daalgn  data  for  a  new  configu¬ 
ration  for  varioua  applied  loada  and  ground  Impact  valooitiaa* 

The  following  oondltlona  are  oonaldaradi 

a*  Tha  influence  of  bag  configuration  on  praaaure  metering* 
b*  Invaatlgatlng  partitioned  bag  employing  vurloui  aiaai  of 
orifice  between  inner  oella* 

0*  Invaatlgatlng  auitabLe  orifioa  metering  davloai* 
d.  Influence  of  bag  configuration  on  platform  toppling* 
a*  Efficiency  of  bag  oonflgurutlon  whan  diaplaoad  or  rotated 
from  normal  extended  poaitlon  due  to  horliontal  travel  of  tha 
platform  during  the  retardation  wola* 

Ivianuaorlpt  roleoaod  by  tilie  outhor  December  1959  publiotttion  ua  a  WADD 
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II.  AIR  BAG  MECHi^ulIOS 


A  dlBdusBlon  of  the  m«ohttnio8  involved  follows  together  with  a  theoretioal 
anolyols  of  the  present  airbag  deoelerator. 

Fmergy  sumitutlonBi 

Energy  input  by  platform  a  Bag  work  and  ground  work 

ti*s£.  /  WS  s  Vav  ^  X  3g - -  -  -  - (1) 

h 

Assuming  that  the  platform  is  stopped  before  striking  the  ground  the 
last  term  oon  be  negleoted. 

Solving  for  the  stroke  neoeesary  to  stop  the  platformi 


(2) 


by  definition 


Therefore 


S 


■ 


1 


Gb-av 


Defining  Ob-av  sy\.XQb-max  (where  is  the  airbag  effioienoy), 
the  stroke  becomes 


3 


4 


(4) 


VV  Qb-iuax  -  1 


To  determine  the  relationship  between  bag  reaction  and  platform  deoeleratlon 
the  force  equation  F  ■  ma  is  used. 


.  Rb"W«XaX  ■  ^  •  '^a . (5) 

*  g  dt  ® 

Where  Q|^  ®  +»  the  platform  deceleration  in  "G"  units. 
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Tranapofling  In  equation  (5)  and  aubetltuting  Qi.  for  \ 

'T 


s  Oft /  I  -  (6) 


which  means  that  the  deceleration  force  on  the  platform  JLn  "Qs"  Is  one  unit  less 
than  the  bag  reaction  in  "Qs"  for  the  vertical  component* 

Equation  (4)  indicates  that  the  stroke  required  to  stop  tiie  plotform  is  dependent 
on  ground  contact  velooityi  the  maximum  allowable  bag  reaction^  and  the  average 
lovol  of  thie  reaction  through  the  bgg  compression  stroke.  It  therefore  follows 
that  the  factors  which  effect  the  shape  of  the  bag  reaction  ourve  must  be 
,  investigated. 

Pressure  and  deaction  Hlstorvi 

Bag  reaction  is  related  to  bag  pressure  through  the  contact  urea  between  bag  and 
plotform  in  the  cose  of  a  flat  contact  area  wl:Kire  tho  platform  area  is  Isrger 
than  the  bag  contact  area. 

In  equation  form  we  cun  then  write  the  following  expreselonsi 


Rb  :  ftcAo . . . -  - . (7) 

Qu  ■  Pi^o  ........  ...  ..  .(g) 

W 

Oa  ■  Qb  -  1  s  1  . . . (9) 

For  future  reference  we  also  write  the  fonowing  expreesione  of  worki 

Wkb  ■  Rb^*" . . (3-0) 

%  ^3 . . W 

Rb-«^  ■  - . .  .  ---  -  .  . . (12) 


To  determine  the  history  of  the  pressure  and  reaction  curves,  the  method  of 
calculation  used  is  derived  using  basic  force  equations  in  u  step  integrotion 
procedure  for  sroAll  time  ijiorements. 
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The  (itepe  art  as  follows! 

For  the  case  with  no  air  loos  from  the  bag  and  aflaumtng  udiabatlo  oompresBioni 

1)  Change  in  stroke  j/H  3  -  V*  At 

2)  At  the  end  of  the  ttino  increment  A  tp  the  new  stroke  -  B  -  Sg  /  S 

3)  The  bag  volume  at  this  stroke  is  determined  by  equation  or  graphical  methods* 

4)  Mith  the  new  bag  volume  the  bag  pressure  is  oaloulatedi 

is  obtained 

6)  The  area  at  the  end  of  the  time  increment  is  used  to  obtain  the  average 
contact  area  between  bag  and  platform* 

7)  Average  bag  reaction  Rav  a  ^av  x  Ac 

8)  The  net  ferae  acting  to  decelerate  the  platform  F  r  ^  -  ^av  obtained* 

9)  The  average  velocity  change  then^V  ■  it  At>» 


s  Constant 


-  Patmospherio 


5)  The  average  prossure  over  the/^t  time  increment 


10)  Adding  this^  V  to  the  initial  velocity  gives  the  new  velocity  at  the  end 
of  the  time  increment* 

11)  The  next  cycle  of  computations  con  then  be  started* 

For  the  case  with  air  loss  through  an  orifice  the  some  steps  are  used  up  through 
(6)  of  the  preceding*  It  is  then  necessary  to  determine  ulr  flow* 


Uhere  the  coefficient  of  discharge  is  u  variable  depending  on  the  ratio  of  the 
pressure  differential  between  the  upstream  and  downstream  pressures*  From 
experimental  work  on  orifice  flow  the  expression  for  Og  can  be  evolved  asi 


0*  :  .875  ^  MS  fji\  -  1.03  AA  /  o.« 


\hJ 


The  combination  of  these  two  equations  is  plotted  and  presented  in  Figure .1* 


7)  With  the  chart  of  flow  weight  vs*  bag  pressure  and  a  givon  orifice  area^the 
amount  of  air  escaping  can  be  determined  for  an  Increment  of  time* 
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8) 


Subtrftot  the  weight  of  eaouped  air  from  the  original  weight  of  air  at  the 
beginning  of  the  tljne  Increment,  , , 

9)  With  the  new  air  weight  in  the  b^g^  a  new  preoeure  can  be  found  ae  plotted 
In  Figure  3. 

10)  The  pressure  averaged  out  for  the  time  Inorement  wU.1  allow  for  obtaining 
an  average  reaction  as  in  the  preceding  procedure  and  the  calculations  can 
be  carried  on  in  the  same  manner  as  before. 

From  the  above  oaloulation  procedures  the  only  remaining  unknowns  are  the 
rate  of  change  of  contact  area  and  bag  volume  with  respect  to  stroke. 

The  contact  area  of  the  bog  is  eomewhat  greater  than  the  actual  cross 
ssotional  area  at  a  given  position  of  stroke.  For  the  nominal  bag  sise  ohosen 
to  calculate  from,  thia  area,  with  the  stroke  as  the  variabls,  is  expressed  ast 

Ao  E  3.14  /  0,212  SjL  -  0,0026  ^ 

and  the  volume  therefore  beoomest 

Vi,  -  18,82  -  0.262  -  0.00892  Sj.  *  /  0.0000732  3^  ^ 

where  the  Sj  is  stroke  in  Inohos,  The  volume  and  contact  area  curve  is  onolossd 
for  a  24"  x  34"  x  38"  bag  (Figure  2), 

Maun  area  versus  Orifice  Diameter 

Dependent  on  the  cross  ssotional  area  of  the  bag,  the  rate  of  air  oompraesion 
is  greater  for  larger  areai  and  less  for  smaller  areas. 

To  limit  prsssurt  peaks  and  muxijiium  Q  loadings  then,  and  to  maintain  similar 
preeoure  ourvea  for  different  bag  eiies,  the  orifice  diameter  should  be  varied 
directly  vi,  bag  diameteri. 

Thus,  the  ratio  of  An/Ao  is  constant  and  establishing  an  optimum  orifice  for  one 
bag  else  will  then  show  how  the  orifice  diameter  must  be  changed  to  meet  optimum 
performance  for  different  bag  slses. 

titkht 

From  analysing  the  theoretical  beg  performance  curves  It  has  been  concluded  that 
the  efficiency  of  the  retardation  cycle  for  optimum  conditions  is  approximately 
oonetant.  This  means  that  the  stroke  oan  be  oonoidered  as  a  function  of  input 
velocity  and  maximum  Q  loading. 


But  ae  win  be  shown,  the  maximum  0  loading  is  a  function  of  input  velocity,  bag 
area,  bag  height  and  orifice  area.  Equation  (4)  con  be  rewritten  asi 


S.fi 


2g  Q  max 


(4») 


but 


0  max  s  f2 


2g  h  Aq 


(13) 


then  3  s  f3 


hi  -Aq . 

Am 


(14) 
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Th«  bag  height  muat  be  greater  thun  the  required  stroke  to  Indure  ouffloient 
platform  retardation  before  ground  impact  uni  to  take  into  ooneideiratlon  input 
variation  and  ground  irrogularitibB  aome  additional  stroke  muet/bo  allowed  for, 
it  appears  re&Bonable  to  add  appreximatoly  4"  to  the  bag  heigh'^.jto  aoooimt  for 
these  variables. 

Onto  this  must  be  added  the  packaging  depth  of  the  platform  which  is 
upproxiiiuitoly  another  4",  so  that  the  final  bag  height  will  be  greater  than 
the  theoretical  stroke  required. 

It  is  then  seen  that  equation  (14)  will  show  that  the  stroke  is  dependent  on 
the  orifice  area,  the  moan  area  of  the  bag,  and  the  bug  height.  The  bag  area  is 
fixed  by  the  size  of  the  platform,  and  this  in  turn  determines  the  bag  height, 

Since  for  optimum  performanoe  the  orifice  area  ia  determined  by  the  mean  area 
of  the  bng,  aquation  (14)  resolves  intoi 

3  ■  f^  (Ao)  . . . . . . . (14«) 

The  approximation  oan  then  be  made  that  the  stroke  for  optimum  performanoe 
will  be  essentially  constant,  if  the  orifice  diameter  is  constant. 

Maximum  bag  height  in  the  case  of  horizontal  volooity  components  beoomss  a 
critical  point.  With  a  high  horlsontol  component  of  volooity  the  platform  will 
move  from  abowthe  supporting  bags,  besides  causing  toppling  forces,  this  wUl 
mean  that  the  bags  could  be  rolled  out  from  under  the  platform  before  the  plat¬ 
form  oomas  to  rest  vertically  or  approaches  the  ground  close  enough  for  Impact 
from  a  reasonable  drop  helghtb^ 

The  Qorrelation  between  bag  height  and  allowable  horizontal  velooity  oan  be 
obtained  by  drop  tests, 

Bug 

Dug  diameter  is  governed  by  three  ounsidsratlonsi 

1)  Hate  of  volume  change  versus  stroke. 

2)  Dag  stobility  ss  dssorlbsd  by  the  ratio  of  helght/dlumeter, 

3)  Available  packaging  size  se  deiignated  by  the  platform  dezign. 

The  rate  of  volums  ohungea  uffeotz  the  pressure  build-up  and  deceleration 
build-up,  The  rate  of  these  build-ups  and  their  peok  values  are  dspsndsnt  on 
ths  relief  area  of  the  orlfioe. 

With  a  large  bag  area  the  orlfioe  opening  must  be  increased  to  limit  the  peek 
pressures  and  deceleration  loads.  However,  Inoreasing  the  orlfioe  diameter  would 
Involve  an  increase  in  stroke,  Ths  solution  of  bag  diameter  beoomss  a  trial-and- 
error  problem  with  ths  top  limit  being  set  by  item  3  above. 

Dsg  stability  for  single  bag  operation  would  have  to  be  oonsidered.  However^ 
with  the  use  of  a  multiple  bag  arrangement  this  factor  is  not  as  important. 
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PigouBalon  QOtrfQmnqi-Qjg.YftM 

For  dtflgn  purposea  oonsideration  must  ba  given  inltiitlly  to  the  maximum 
daoalaratlona  and  praaauraa  ooourrlng  during  the  ooropraaalon  ojrola* 


The  platform  and  Ita  load  art  reatrlotad  to  upper  llmlta  depending  on  their 
vulnerability  to  high  eooeleratlona.  The  upper  limit  for  thla  Inveatlgatlon  haa 
been  aet  at  13  "Q" »  whloh  maana  the  platform  la  allovrad  a  deceleration  In  the 
vertical  direction  of  13  x  32.2  -  413*6  ft/aeo/aec*  Thla  maana  that  the  bag 
reaction  (from  aquation  6)  can  reach  a  value  of  14  timea  the  weight  of  the  load 
and  platform  for  vertical  deceleration* 

The  maximum  bag  reactlona  for  a  range  of  Input  condltiona  have  been  plotted 
againat  the  dimenaionleaa  parameter  Vcr  V/  2g  h*  Aq  raaultlng  In  a  aerlea  of  pointa 
approxlnatlng  a  atralght  line*  (Flg\ire  4)* 

Theae  pointa  were  obtained  from  the  theoretical  performance  curvea  where  the 
valuta  In  the  dimenaionleaa  parameter  were  the  main  factora  influencing  the 
maximum  bag  reaction*  Uith  valuta  out  of  the  range  of  optimum  performance  the 
reatCLtlng  peak  reactlona  were  not  alwaya  within  the  range  of  the  mean  curve  drawn. 
Thla  meana  that  uae  of  thla  "Q"  maximum  curve  la  predicated  on  "reaaonable” 
Qondltlona  of  operation  which  will  ultimately  reault  in  optimum  bag  performance* 


The  equation  of  thla  curve  can  be  written  aai 

Q^.max  a  1  /  *093  /  *3 

*gh  *Ao 

where  Vq  la  the  platform  velocity  at  the  time  of  bag  contact  with  the  ground* 
Maximum  Preaaure 

Oonaiderotlon  muat  be  given  to  the  maximum  preaaure  developed  In  the  bag  from 
the  atundpolnt  of  bag  deaign*  There  are  oondltlona  of  high  platform  welghta  where 
the  deceleration  llmlta  are  not  a  governing  factor  but  where  the  bag  preaaurea  may 
be  exoeaalve* 


By  example  I  bag  reaction  - 

t 

Qa^.nx  a  13  )  *  *  H 

For  a  2000fi<  load  thla  meana  the  allowable  bag  reaction  la  28,000  pounda*  However, 
if  the  contact  area  at  thla  peak  reaction  la  7  ft^  the  bag  preaaure  would  be  27*3 
palg,  ahowlng  that  low  deoeleratlona  do  not  neoeaaarlly  mean  low  bag  preaaurea*  la 
thla  oaae  normal  bag  deaign  would  not  allow  a  27*3  palg  preaaure  and  the  deaign  limit 
would  be  baaed  on  peak  preaaure  rather  than  peak  deceleration*  Thua  peak  bag  preaaure 
muat  be  conaldered* 

By  the  aame  method  aa  uaed  In  developing  the  parameter  for  maximum  bag  reaction, 
the  maximum  preaaure  parameter  waa  obtained  (Figure  4)  *  equation  for  thla  curve 
can  be  written  aai 

F.max  .  5*6  X  10  "Ijifll.  /  *5 . ---(16) 

Aoh 
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Or If lot  aiat 

The  slsio  of  the  orifice  besides  being  a  variuble  in  the  presoure  and 
deceleration  parameters  Is  tied  Into  the  bag  design  from  the  standpoint  of 
optimum  performance. 

optimum  performance  is  meant  the  most  satlofuotory  deceleration  history 
of  the  load  platform.  A  satisfactory  history  will  result  in  the  platform  being 
stopped  without  bounce  or  high  veloolty  Impact  with  the  ground* 

Bounce  Is  a  result  of  bringing  the  platform  to  vertloiJ.  rest  while  there  Is 
still  a  not  upward  force  from  the  bag  due  to  airbag  presoure.  To  prevent  boano>" 
Ing  it  is  not  essential  to  reduce  bag  pressure  to  atmospherloj  however^  the  bug 
reootlon  must  bn  no  greater  than  the. weight  of  the  load  and  platform.  Mlth  an 
orifice  that  is  too  small  «  rolatlvoly  slow  rate  of  air  escape  will  ensue,  which, 
besides  causing  a  high  pressure  and  deceleration  build-up,  will  mean  that  there 
will  still  be  considerable  bag  reootlon  when  the  platform  comes  to  vertical  rest. 

The  high  pressures  will  stop  the  platform  sooner  than  required  (platform 
being  relatively  high  off  the  ground  when  stopped)  and  the  high  "residuol  reaction" 
will  then  bounce  the  platform  upward. 

The  opposite  ejctremc  of  too  large  oh  orifice  will  result  In  a  relatively  lew 
reaction  through  the  cycle  since  a  fast  air  tsoape  In  relation  to  bag  oompresalon 
will  not  allow  a  preioure  buUd-up. 

Thii  means  that  the  platform  would  net  be  slowed  sufficiently  prior  to  ground 
contact,  resulting  in  an  impact  shook,  dee  Figure  $  which  shows  the  effect  of 
varying  orifice  slss. 

In  between  these  two  orifice  limits  is  a  range  of  siies  which  would  result  in 
optimum  performance*  That  It  the  platform  would  be  brought  to  a  lero  or  low 
velocity  which  would  not  cause  Impact  shocks  and  at  the  same  tlms  the  proper 
orlfiot  slie  would  have  allowed  sufficient  air  escape  so  that  the  bag  reaction 
would  be  too  low  to  cause  excessive  bounos. 

Once  this  optimum  slss  is  sotabllshed  for  a  given  bag  diameter  by  trying  out 
different  orifice  sisei  it  follows  that  optimum  psrformanos  for  othsr  bag  diameters 
can  be  predicted  by  direct  relstloni 


That  1st  sJlS::S.» 

Am-d.  Am-« 

The  orifice  size  has  been  assumed  to  be  constant  for  this  Initial  Investigation. 
Oorrslatloni 

MAX  drop  tests  as  shown  in  teohniosl  reports  WlA  93-147  and  54-11  Indicate 
that  the  deoelerator  bags  used  were  not  opened  fully  prior  to  ground  contact* 

Figure  6  through  Figure  18  were  made  up  from  data  presented  In  these  reports. 

It  is  noted  that  the  pressure  and  deotleration  curves  rarely  stort  thslr  rise  at 
the  instant  of  bag  contact  with  the  ground  (stro  stroke).  This  la  Indicative  of 
Incomplete  bag  extension, 
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In  ouoh  «  case  correlation  with  computed  valuea  ie  imrelluble  In  that 
preepure  and  deceleration  peake  are  dependent  on  bag  height  and  volume.  Referr¬ 
ing  to  equatlona  15  and  16 i 


Qjj.Max 


2gh3  Ao 


(15t) 


P  max  -  CM 


AcVt 


(16a) 


where  the  volume  V  end  bag  height  h  are  the  voluee  obtained  with  the  bag  fully 
open.  If  the  bag  ie  not  fully  extended  then  the  emaller  height  ohangei  the 
pressure  and  reaction  histories  by  changing  the  initial  point  of  start  for  the 
air  compression. 


Figure  6  through  Figure  18  show  that  the  bag  height  was  not  constant  for  the 
liiADO  drop  tests.  Since  the  maximum  decelerations  and  pressures  ore  dependent  on 
this  height,  there  is  relatively  poor  correlation  between  actual  and  predicted 
performance , 


It  can  be  shown  from  equation  13  that  0  max  is  a  function  of  the  square  of  the 
height I 


0  max 


-JL- 

2gh 


(13) 


•  •  dfiLOtt  ■ 

dh  dh 

Th^s  shows  that  a  slight  discrepancy  in  bag  height  makes  correlation  with 
actual  tests  difficult. 


By  the  same  token,  it  is  evident  that  this  factor  of  bag  extension  is  critical 
and  for  actual;  drops,  if  the  bag  extension  cannot  be  governed  closely,  a  wide 
variation  in  W-  lading  can  be  esqpeoted. 

Since  the  peak  pressures  are  affected  by  the  bag  height  to  the  first  power 
rather  than  the  square,  it  would  be  expected  that  correlation  between  computed  and 
actual  pressures  would  be  better  than  the  "0"  load  correlation.  The  correlation 
chart  of  maximum  pressures  and  "S"  loads  (Figure  4)  shows  this  to  be  the  case. 


Drop  tests  in  Figure  19  show  the  some  general  correlation. 


Bftg  Deaigni 

The  parameter  charts  of  peak  pressure  and  bag  reaction  are  used  to  determine 
the  general  height  and  diameter  of  a  proposed  bag.  See  Figure  5, 

The  required  orifice  slae  for  optimum  performance  can  be  selected  from  the 
mean  area  vs,  Dq  curve  of  Figure  5* 

The  given  and  allowable  conditions  of  performance  must  be  Jmown,  From  the 
load  being  carried,  a  maximum  allowable  deceleration  may  be  gi!iNin,  The  input  or 
terminal  parachute  velocity  must  be  known. 
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From  bflg  iMnufaoturing  (standpoint,  a  maxlmura  allowable  ireaBuro  lis  determined, 
and  from  the  platform  being  used  u  maximum  bag  diameter  may  be  given« 

The  design  procedure  !,o  one  of  trial  and  error  normally,  where  a  nominal  bag 
configuration  is  tried  and,  if  not  satisfactory,  modified  to  give  ollowable 
pressure  and  deceleration  peaks. 

It  is  found  that  maximum  platform  velocities  and  weights  will  define  the 
iRaxlmuffl  bag  height  required  from  a  maximum  allowable  pressure  standpoint.  That  is, 
bag  pressure  is  the  design  criterion  for  maximum  weight  and  velooity.  On  it 
depends  the  final  height  of  the  bug  to  limit  peak  pressures. 

To  determine  the  minimum  ollovsible  bag  height,  when  designing  where  peak 
decelerations  are  the  oriterM  and  low  weights  are  involved,  the  primary  concern 
li  the  input  velocity. 


An  example  for  bag  deelgn  followst 

Glveni  ivkximiun  allowable  deceleration  of  419  ft/oeo^,  with  a  platform  weight  per 
bug  of  and  un  allowable  pressure  pouk  of  psig.  Terminal  parachute  velocity 

in  30  ft/seo. 

,Y 

Find  the  proper  bag  height,  diamoter  and  orifice  slssf 


Oa 


s  JkiLi. 
32.2 
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Ob  ■  Oa  /  1  ■  14 

Ascumc  an  average  bag  area  of  6  ft^.  Then  from  Figure 


f  Ao 


! 


Designing  to  peak  pressure  1  From  Figure  5  maximum  allowable  value  for 

s  39,400.  Then  solving  for  bag  height)  h  ■  Bo  x  12 
Abh  Ao  x  39(400 

h  a  60.9" 


Designing  to  peak  dccelerationi  From  Figure  9  maxlnua  allowable  value  for 


.  -  s  140. 

^hr  Ao 

Then  solving  for  bag  height)  h 


_ 

2g  Ao  140 


36.7" 


This  shows  that  pressure  le  the  oriterlon  for  bag  height  and  that  a  60"  bug  would 
be  required  with  the  aesuned  mean  area  of  6  ft^« 


This  height  appears  too  great  partloularly  in  that  It  la  not  a  good  balanos  for  the 
requlrsd  height  of  deceleration  design.  To  deoreast  the  height  a  saoond  trial  Is, 
made  using  a  7"  dlaowter  or If lot.  This  requires  a  mean  araa  (from  fig  9)  of  6  ft^. 
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Using  the  gane  method  «g  prtvlouslyi 

h  -  6o,5  X  36  ■  44.5”  -  -  -  - 

49 

h  ■  36.7  X  X  s  36"  Dtoelorition  or  Iter  loo 

Thtg  tppearg  to  be  •  better  belenoe  of  required  helghti  and  li  In  general 
agreement  with  regultg  of  drop  teata  run  in  prevloue  teota.  Precautionary  design 
Indloatei  that  the  bag  height  should  be  inereased  some  above  the  oaloulated  44.5” 
elnoe  It  has  been  seen  that  there  le  ueually  a  loss  In  bag  height  due  to  Incom¬ 
plete  bag  extension. 

-  Loading  Range  t 

The  present  drawings  cover  two  bag  heights^  a  4U”  bag  and  a  50”  bag.  Fron  the 
standpoint  of  obtaining  a  large  range  of  platform  loadings  It  has  been  concluded  that 
the  50”  bag  Is  more  sultedf  since  it  will  take  higher  loadings  than  the  40”  bag. 

A  beg  with  an  Initial  vdune  of  approximately  25  cubic  feet  and  height  of 
50”,  theoretically  will  handle  up  to  2800#  with  ground  contact  velocities  of  . 

30  ft/seo.  This  would  utilise  a  7”  orifice  and  allow  for  a  23  pelg  peak  pressure. 

Rxamplet  From  the  pressure  parameter  oharti 

-lo  s  35$  500  for  Pnmx  ■  *20 
Aoh 

but  JIfl.  M  3-7A  »  0.8975  So 
Aoh  4.L66 

from  substituting  values  of  Ao  and  h. 

Squatlngi  35.500  a  *6975  Bo 

Bo  ■  39.600  maximum  allowable 

then  for  contact  velocity  of  30Ve  ^ 

u  -  isjLSg  B 

900 

It  has  been  previously  noted  that  the  full  bag  height  Is  normally  not  utUleed 
and  the  maximum  loading  per  beg  le  recommended  as  2500#. 

With  this  same  bag.  used  with  minimum  values  of  weight,  the  weight  could  be 
brought  to  rest  sooner.  However,  this  would  mean  a  oonslderable  "residual”  stroke 
remaining.  It  Is  therefore  oonoluded  that  though  the  platform  weights  be  lessened, 
the  orifice  slse  should  remain  the  name. 

An  600//  weight  at  30  ft/oeo  will  take  up  34*  of  otroke  before  rdoohlng  its 
minimum  velocity.  After  this  it  will  gain  velocity  slowly  since  very  little  bag 
reaction  (and  thus  presouro)  is  needed  to  resist  the  6OO//  weight. 

The  minimum  value  of  the  loading  range  will  be  governed  in  the  final  analysis 
by  the  component  of  horlsontal  velocity  of  wind.  For  the  lighter  weights  the  tlam 
of  the  stroke  cycle  will  be  Icnger  since  the  deceleration  values  are  lower,  and 
this  will  allow  for  more  horlsontal  travel  than  with  shorter  times. 

It  is  recommended  then  that  the  minimum  weights  be  finalised  after  horlsontal 
drop  tests  are  oonoluded. 
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Ill,  REOOmNIED  BAQ  IDSIQN 


Oonflguratloni  Slno«i  tha  barrel  ihaped  bag  is  already  through  the  dailga 
stage  and  has  been  tested  in  drops,  it  is  roooMended  that  o  oylindrioal  bag 
be  tested. 

It  is  felt  that  a  oylindrioal  bag  will  have  no  disidvantagss  with  respsot 
to  the  barrel,  and  will  have  the  advantages  of  sing>lioity  and  more  oompiete 
volunts  opening,  A  more  oompiete  dlsoussion  of  the  relative  merits  of  the  two 
oonfigurations  will  be  given  later  in  this  report. 

For  more  effioient  perfornianoe  the  ideal  would  be  to  allow  for  a  constant 
pressure  throughout  the  cycle ,  As  outlined  in  a  Aerojet  Report  *  a  oonstant 
pressure  relief  valve  suitable  for  use  in  this  type  of  a  deoeleration  oyole 
beoomes  a  complex  unit.  Its  precision  and  weight  wovd,d  bag  Its  use  In  the  light 
of  the  aims  of  £2)^iblt  VKSW-l-AA* 

The  other  possible  methods  of  approaching  a  flat  pressure  owve  are  described 
below I 

1)  yigiiMt 

As  described  in  the  Aerojet  Report,  a  variable  diameter  orifice  would  tend 
to  approach  a  flat  pressure  curve.  The  main  detrimental  feature,  however, 
is  that  the  orifice  has  at  all  times  an  opening  to  the  atmosphere.  This 
is  a  relatively  simple  matter  to  correct  with  a  bung>41ke  plug  which 
could  be  easily  installed  and  would  be  blown  out  In  the  initial  phase  of 
the  compression  stroke. 

The  main  design  items  on  this  orifice  would  be  to  establish  the  range  of 
diameters  needed  to  accomplish  optimum  performance,  and  the  variation 
of  diameter  to  bag  preasure, 

2)  XkSJlUULUSMi' 

1:. 

A  second  orifloe,  ooneleting  of  simply  a  fabric  dlso  with  a  hols  out  out 
in  its  center  could  be  hung  inside  the  beg  in  s  predetermined  position. 

Its  hole  else  would  be  smaller  than  the  main  oriflcs  of  the  bag.  Dependent 
on  its  looation  In  the  bag,  it  would  cover  the  lorge  main  orifloe  at  a 
predetermined  point  of  bag  stroke,  thus  dsoressing  the  air  ssoaps  rats. 

This  would  oauss  an  inorsase  In  the  prassure  rist  of  the  bag  to  giva 
prolonged  bag  reaction  at  'tiia  latter  end  of  the  stroke , 

This  stoond  or if lot  would  ba  brought  into  play  aftsr  ths  bag  prassura  had 
bagun  to  drop.  Bag  toppling  dua  to  horisontal  movamsnt,  howavsr,  may  not 
allow  ths  propsr  working  of  this  msthod, 

AjLc..Blg„QQnikttflAtM 

Ssverol  oylindrioal  typs  airbags  with  ths  vsriabls  diomstsr  oriflbs  wsrs  oon- 
structed  for  tesC purposes.  The  finalised  vsriablt  dismstsr  orifios  and  blow-out 
bung  is  shown  Inoorporstsd  in  the  airbag  of  Figurs  94,  This  variable  diameter 
orifice  has  been  developed  to  a  degraa  in  which,  though  not  producing  a  flat  prassis^e 
history  ourve,  doss  tend  to  flotten  the  ourve. 


OontraotAF  33(038)3358,  Project  XM-1079,  E.O,  No,  539-^4, 
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This  orifloe  has  b«an  ussd  In  tast  dfops  In  oonjunotlon  with  anothsr  program 
«nd  Its  lavollng  action  has  b««n  oont'lrmod.  No  tasts  to  data  have  baon  made  to 
oomparo  tha  variation  due  to  design  sl;ga  ohenga  of  this  orifice.  However ,  It  la 
raooimnandad  that  this  variable  dlamatar  principle  be  incorporated  and  aaveral 
variation  on  Its  basic  design  dlotenslons  be  tested. 

Attachment  collar  design  has  been  changed  so  that  an  Intermediate  collar 
will  be  used,  ^hla  collar  is  laced  to  tha  platform  Initially  and  will  normally 
remain  fixed  to  the  platform  through  the  nylon  lacing.  It  will  have  snap-type 
fasteners  on  It  which  will  accept  opposite  fasteners  on  the  collar  of  the  bag 
proper.  During  landing,  the  bag  wUl  strip  away  from  the  Intermediate  collar  in 
cross  wind  drops. 

Test  RecommsndatlQna 

It  Is  anticipated  that,  although  drop  tests  under  free-d'all  conditions  do 
not  exactly  duplicate  the  constant  velocity  descent  of  parachute  deliver,  drop 
tests  will  still  be  a  criterion  for  comparison  purposes. 

From  the  design  study  the  main  variables  are  weighty  impact  velocity, 
orifice  area,  and  useful  bag  height.  It  Is  proposed  that  these  variables  be 
introduced  Into  tests  to  establish  correlation  with  theoretical  parameters. 

To  obtain  reliable  results',  two  methods  of  measuring  the  drop  histories 
are  re commended i 

1)  Instrumentation  to  record  acceleration  and  pressure  versus  time  by 
osoUlographlo  techniques, 

2)  Hl-speed  camera  coverage  with  timing  the  distance  references.  The 
results  from  the  two  methods  of  measuring  can  be  compared  for  better 
interpretation  Hhould  there  be  some  question  of  Instrumentation, 

Three  drops  of  each  condition  are  recommended  to  obtain  an  average  result. 
Initial  tests  would  be  to  determine  the  optimum  orifice  diameter  and  the  remain¬ 
ing  teats  would  be  using  this  diameter. 

Following  is  a  tabulation  of  the  proposed  sohedulei 


no,  01 
Xiiibi. 

JdL- 

Remarks 

1 

3 

1400 

2? 

50 

5 

90  ) 

To  determine  orifloe 

2 

3 

1400 

27 

50 

6 

90 

function 

3) 

3 

1400  , 

27 

50 

7 

90  ) 

4 

3 

800 

27 

50 

6 

90  ) 

To  determine  weight 

5 

3 

2000 

27 

50 

6 

90  ) 

function 

6 

3 

1400 

24 

50 

6 

90  ) 

To  determine  velocity 

7 

3 

1400 

30 

50 

6 

90  ) 

function 
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Bum 

Mo*  of 

gftWJU 

6 

3 

1400 

27 

42 

6 

90  ) 

To  determine  height 

9 

3 

1400 

27 

42 

6 

90  ) 

function 

10 

3 

1400 

30 

50 

6 

31®) 

To  determine  effect 

11 

3 

1400 

30 

50 

6 

60®) 

of  angider  desoant 

Dtptndlng  on  the  rtiulti  of  thtit  tosti^  Additional  drops  may  havi  to  b« 
run  varying  angular  dasoant  and  valoelty* 

Aocalaratlon  Instruffiantation  should  ba  flxad  diraotly  to  tha  platform  at  Its 
oantar  of  gravity  (or  oantar  of  bag  reaction)  as  wall  as  at  two  other  points  away 
from  tha  first  aooalaromatar  so  that  a  summation  of  maximum  aooalaratlons  oan  ba 
obtainod* 

Initial  testa  with  horlsontal  voloolty  oomponants  may  be  Instrumantad  to 
ohaok  horUontal  aooalaratlons  to  sea  whether  these  values  are  orltloal  from  a 
stress  standpoint* 

Ttrt  fgMtdWf 

Two  sarios  of  drop  tests  ware  oonduotad*  One  series  ooverad  a  range  of 
vertical  Impact  valooltlas  and  loadings  for  a  single  atrbagii  and  tha  other  garlas 
ooverad  a  system  of  four  airbag  par  platform* 

Eaoh  drop  test  was  rigged  to  Incorporate  a  pressure  plok-up  devioe  whloh  was 
inserted  into  the  bag  to  raoord  the  history  of  the  pressure  ourve  In  the  airbag 
during  oompresslon*  Three  aooel«rometers  ware  looated  as  near  to  the  center  of 
gravity  as  possible  on  the  load  system  to  record  the  decelerations  In  the  X,  Y, 
and  Z  axis  during  eoki.presslon  of  the  airbag*  A  multi-channel  oscillograph 
Instrument  pemshently  recorded  the  pressure  and  deceleration*  A  high-speed 
oamnra  was  used  on  the  majority  of  the  tests  to  oompore  and  ascertain  results  of 
instrumentations* 

The  arrangement  for  the  test  set-up  Is  depleted  In  the  aketohes  of  Figures 
21,  22  and  95* 

In  the  single  bag  drop  series,  the  top  surface  of  an  airbag  was  attochod 
by  oord  to  the  underside  of  the  platform  of  known  weight  and  hoisted  to  a 
predetermined  height.  A  quick  release  type  of  hook  released  the  platform  ot 
which  time  the  instrumentations  and  inovle  camera  began  recording. 

Tilssentlally,  the  multi-bog  test  series  were  conducted  In  the  same  monner  as 
the  single  airbag  aeries,  except  a  pressure  pick-up  cell  was  Included  in  each  of 
the  four  airbags  to  reoord  Individual  pressurs  curves* 

saoh  of  the  sorlss  of  drop  tests  performed,  the  intent  wos  to  determine 
the  funotlon  of  the  airbag  due  to  the  variance  of  the  variable  orlfloe  ond  plug 
diameters,  weight  of  platform,  bag  height,  and  Iropoot  velocities*  Tha  data 
obtained  for  the  various  conditions  is  submitted  in  graph  form,  whloh  was  re- 
ohartod  from  the  recording  ooolllograph  to  depict  doocleration  versus  tliro  and 
prooBure  versus  time.  See  Plgures  32  through  92. 
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Tablaa  I  and  II  ara  &  tabulation  of  tha  data  raoalvad  from  tha  instrumon- 
tatlon  and  movias  of  tha  drop  tast.  In  thaaa  aarlea  of  drop  taota  onl^  vortloal 
impaot  volooitlaa  wera  parformad  ainoa  tha  taat  foolUtlaa  ovallubla  at  tha  tast¬ 
ing  Bite  ware  not  suitable  to  handla  horizontal  valooity  oonditlons. 

A  total  of  14  slngla  bag  tasta  and  21  multi-bag  teats  ware  oonduotad) 
howavari  to  eliminate  repetition,  only  3  single  bag  testa  ond  11  multi-bag  tests 
aro  submitted  in  this  report. 

Throughout  tha  parformanoa  of  tha  tests,  only  minor  damages  ware  Incurred  by 
tha  tast  bags.  Cha  airbag  was  ripped  in  a  dasoant  oausad  by  the  pressure  piok-up 
tubas,  that  were  inserted  into  tha  bag,  punoturing  tha  fabrlo.  3oma  fabrlo  tap¬ 
ing  covering  tha  flexible  cables  was  also  loosened  duo  to  tha  impaot  during  drops, 
which  may  be  considered  minor,  olnce  a  number  of  drops  were  conducted  on  each  bag. 
The  low  mortality  of  tha  airbags  proved  out  the  reliability  of  the  chosen  material 
used  In  the  construction  of  the  airbags. 

On  earlier  drops  performed,  it  was  noticed  that  aircraft  cables  girthing  the 
airbags  would  tend  to  be  too  flexible  for  airbags.  The  bag,  when  extended  from 
the  bottom  of  the  platform,  would  tend  to  oollapse  on  the  sides,  which  lessened 
the  oir  volume  in  the  bag  and,  consequently,  decreased  the  usable  stroke  of  the 
bag.  Lator  versions  of  the  airbag  incorporated  stiffar  bead  rings  in  lieu  of 
the  flexible  cables,  which  improved  the  faulty  deformation  condition  by  keeping 
the  airbag  more  cyllndrlcil  in  shape  during  the  drop  tests. 

There  exists  a  dissimilarity  between  actual  parachute-supported  and  free-fall 
drops  in  the  vartical  velocity  of  the  platform  and  airbags.  There  is  no  acoel- 
aratlon  during  descent  by  a  parachute-supported  load  since  gravity  attraction  is 
counteracted  at  a  constant  value  by  the  paroohuts.  However,  in  free-fall  drops, 
aooelerotlon  due  to  the  force  of  gravity  is  present. 

Instrumentation  records  of  vertical  deooleration  and  pressure  versus  time  wore 
clearly  reproduced.  However,  some  of  the  movie  films  on  the  drop  testa  we:.e  dark 
and  not  essi  ly  CaitS  tinguishable.  In  viewing  of  the  movies,  it  was  noticed  that 
improper  test  conditions  existed.  The  bags  were  luoed  to  the  underside  of  the 
platform,  which  could  hove  been  cause  for  some  of  the  bags  to  slont  ot  ground 
contact.  It  can  be  res Used  that  in  the  higher  drops,  especially,  that  the  bags 
would  tend  to  slant  more  at  ground  contact,  when  the  bags  were  rigged  unevenly, 
due  to  the  "ram"  preasuro  on  the  airbags.  On  other  drops,  the  platform  waa 
noticed  to  fall  at  an  angle.  These  conditions  oouid  readily  be  oause  for  the 
slight  buokling  of  the  airbags)  which,,  in  turn,  oausad  the  edge  of  tha  platform  to 
hit  the  ground  before  the  oompression  oyolo  was  oornploted.  The  ground  impaot  of 
the  edges  of  the  platform  show  up  in  the  deooleration  ourves  as  high  peaka,  whioh 
generally  lest  for  only  u  short-time  duration. 

The  test  platforms  usad  wore  not  those  epeoifiad.  The  not  available  stroke 
with  the  4$"  airbags  was  40"  on  the  single  bug  tost  and  3b"  on  the  multi-bag 
tests.  A  matter  of  only  a  few  inohta  is  involvad  in  the  spaoifiod  41"  usable  beg 
height,  but  a  difforerioo  does  exist.  In  these  drop  tests,  the  platform  is  oontsot- 
ing  the  ground  sooner  than  expeoted.  In  the  latter  part  of  the  stroke  oyolo,  we 
are  getting  more  work  out  of  the  bags  and  if  this  part  of  tha  bag  height  oannot 
be  used,  then,  an  undesirable  deceleration  duo  to  ground  impaot  oouid  oocur. 
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Datk  obtained  from  the  teit  Instrumentation  inoludes  load  dsoeleratlon 
ourveSf  bag  alJ?  pressure  ourYtSf  and  movie  film  records  of  the  drops* 

Bag  reaction  (in  terms  of  "Q"  units  vs*  time)  ouryes  were  plotted  from  the 
load  deoelsration  ourves*  From  these  it  was  possible  to  obtain  veloolty  ounres* 

The  ohange  in  velooity  during  a  small  tims  Inoremsnt  is  equal  to  the 
product  of  the  deceleration  and  the  time* 

dv  s  dt 

But  "a  dt"  is  equal  to  the  product  of  the  area  under  the  burire  through  the 
time  inoremsnt  and  a  constant  whose  value  is  determined  by  the  units  of  the  curve* 

dv  -  k  X  area 

The  velooity  at  bag  ground  Inqpaot  (t  5  0)  was  found  from  the  relationship 
V  B  gt  s  32  *21  where  Is  the  time  from  release  to  Initial  ground  liqpaot  and  Is 
obtained  from  the  instrumentation  curves* 


Velooity  ourves  were  drawn  for  each  test  and  were  then  used  to  obtain  a  stroke 
our vs  by  the  relationship 

ds  -  V  dt 

on  the  change  In  stroke  is  proportional  to  the  area  under  the  velooity  curve* 

The  stroke  ourves  were  then  plotted  for  each  test* 


The  work  done  by  the  bag  to  decelerate  the  load  is  given  by  equation  (10)< 


cWkb  a 

But  RuS 


r 


Rt^s 


>  y  Qb  ^ 


definition^  or  R^^  -  therefore^ 


dWkb  = 


w  r  otd* 


A  graph  has  been  drawn  for  each  test  showing  the  dsoeleratlon  In  "O's”  plotted 
against  the  stroke*  The  value  of  the  Integral  ^ 

under  the  "0"  curve  between  9^  workMone  by  the  bag  during  any 

portion  of  the  stroke  Is  given  by  the  product  of  the  weight  of  the  load,  the 
area  under  the  "Q"  curve  through  the  stroke  increment  and  a  constant  whose  value 
is  determined  by  the  units  of  the  graph 

dU]^  ■  kW  X  area 
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Certain  unavoidable  errora  have  been  introduoed  while  oontpiling  theae  ourvei* 
Meaaurementa  of  the  small  seotions  of  area  under  the  ourves  results  in  some  human 
error  which  is  aooumulative  in  the  stroke  and  work  ourves |  i.e.,  ths  stroke  ounrs 
also  includes  the  error  In  the  velooity  ourve.  It  will  be  noticed  that  the  veloo- 
Ity  curve  does  not  always  reach  aero  at  the  end  of  the  stroke  as  it  should  since 
it  is  obtained  directly  from  the  deceleration  curve  which  includes  the  peaks  due 
to  ground  contact  of  the  platform. 

It  la  dlfficidt  to  estimate  the  validity  of  these  curves*  The  error  In  the 
velocity  ourve  shows  that  the  "Q"  ourve  is  not  a  true  Indication  of  the  vertical 
deceleration  of  the  platform.  Thle  can  also  be  seen  from  the  work  ourves  which 
should  show  a  total  amount  of  work  done  which  will  be  equal  to  the  energy  acquired 
the  platform  during  the  fall|  l.e*.  1/2  mv«  /  ws.  The  error  Is  believed  to  be 
Introduoed  during  the  latter  part  of  the  stroke  when  the  platform  begins  to  topple, 
During  this  time  the  plane  of  the  platform  is  not  parallel  to  the  ground  and  the 
accelerometers  recording  parpendlcular  to  the  platform  do  not  give  the  true 
vertical  deceleration.  We  believe,  however,  that  the  results,  at  least  for  the 
first  34"  of  stroke  are  sufficiently  aooux'ate  for  our  purposes  here. 

The  ourves  obtained  for  Test  |17  of  the  single  bag  drop  series,  are  in  many 
respects  typical  of  those  obtained  for  the  other  tests*  A  sample  of  the  oalou- 
latlons  used  to  determine  the  velooity,  stroke,  and  work  ourves  is  given  here. 

From  the  instrumentation  records,  we  have  the  bag  air  pressure  ourve  and  the 
platform  deceleration  in  "G”  units.  Since  this  was  a  free-fall  test,  the  decele¬ 
ration  ourve  recorded  -  10  from  the  time  of  release  to  initial  bag  ground  impact. 

For  our  use,  however,  since  we  are  interested  in  the  bag  reaction  in  terms  of  "0" 
units,  the  ordinates  of  the  ourve  have  been  increased  by  one  unit.  Thus  the 
deceleration  of  the  platform  and  the  bag  reaction  Is  considered  to  be  sero  until 
the  time  of  initial  ground  contact. 

From  the  instrumentation  "0"  ourve  of  Test  ^17  we  find  the  time  from  load  release 
to  initial  bag  ground  impact  to  be  0,660  seconds.  The  initial  velooity  then  Is, 

Vo  S  gt  ar  (32,2)(.66)  -  21.25  f.p.S, 

We  have  shown  that  the  change  in  velooity  through  a  time  increment  is  given  by 
dv  m  k  X  A  where  "A”  is  the  area  under  !‘he  deceleration  ourve. 

Wo  shall  take  time  increments  of  ,02  seconds  and  we  must  use  the  area  as  given 
under  the  "0"  curve  obtained  by  the  Instrumentation  or  for  ease  of  measurement  we 
may  use  the  area  for  the  time  increment  between  the  "bag  reaction"  0  ourve  and  the 
line  0  -  1*  By  Inspection  of  the  units  involved  on  the  graph  and  the -relation¬ 
ship  A  -  Og  It  will  be  seen  that, 

dv  s  t.02K32.2U  where  "A"  Is  the  nundber  of  squares  In  the  area, 

2f 

Taking  the  first  time  Increment  (o^  .02  seconds)  we  find  that  the  specified  area 
between  the  0  curve  and  the  line  Q  ■  1  lies  below  Q  a  X  and  contains  18.3  squares, 

dvsLfi^l2Sj2l  (X8.3)s0.47 

Since  the  curve  for  this  period  lies  below  the  line  0  -  1,  It  Indicates  that 
the  deceleration  is  negative  or  that. the  platform  is  accelerating.  Thus  the  velocity 
Is  increasing  and  Its  value  at  .02  seconds  1st  V  -  Vo  /  dv  -  21,25  /  0*47  s  21,72 
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This  proocii  ti  thin  riptitid  for  i«oh  .02  Moond  tlM  Inoremant  to  the  ond 
of  the  atrolGi. 

The  InoriKii  In  velocity  during  the  early  part  of  the  stroke  la  to  he  expected 
during  free-fall  conditions.  Although  the  bag  Is  exerting  a  decelerating  force, 
the  acceleration  of  the  platform  Is  still  positive  (though  decreasing)  for  the 
first  few  Inches  of  airbag  stroke* 

The  change  of  stroke  during  a  time  Increment  Is  given  byi 

ds  s  ^ 

on  ds  ■  1  X  A  where  "A**  is  the  area  below  the  velocity  curve 

through  the  time  Increisint. 

Inspection  of  the  graph  shows  that  ds  x  (  .C«)U)(18)  A  where  ds  la  In  Inches 
and  "A”  Is  the  number  of  squares  in  the  area^ *5 

The  area  for  the  first  time  Increment  contains  268  squares 

ds  s  s  5.15  Inches 


This  prooeas  is  then  repeated  to  the  end  of  the  stroke* 


The  "0"  vs*  stroke  graph  Is  obtained  d.treotly  from  the  previously  drawn  graphs 
by  eliminating  tlie  time  parameter* 


Ue  have  shown  that  the  work  done  during  a  portion  of  the  stroke  Is  given  by 
<^^kb  through  the  stroke  Inoremant* 

The  weight  of  the  load  Is  1385  pounds  and  after  determining  "k"  from  the  graph 
we  have  dW^y,  -  ^ 


For  the  first  stroke  Inoremvnt 


(O-A  Inches) , 

-  83  ft*  lbs. 


A  .  4*5 


This  procedure  Is  then  repeated  to  the  end  of  the  stroke* 

The  movies  of  this  test  Indloatet  as  noted  on  Table  I,  that  the  bag  was  lined 
up  straight  at  bag  ground  contact  and  then  buckled  slightly  at  appr^lmately  50 
percent  bag  compression  causing  one  end  of  the  platform  to  hit  the  ground  first* 

The  graphs  drawn  for  this  test  show  that  after  bag  ground  liqpao  t  the  velocity 
continued  to  Increase  for  .03  seconds  to  a  maximum  velocity  of  approximately  21*7 
f.p*s*  at  that  time  8  inches  of  stroke  had  been  used  and  the  pressure  In  the  bag 
was  about  5  pslg,  and  about  15  inches  of  stroke  had  been  used*  A  decrease  In 
the  rate  of  deceleration  build-up  oan  be  seen  here*  The  pressure  built  up  to  a 
maximum  of  7*2  pslg  at  .135  second  and  a  deceleration  Is  apparent  here*  At  this 
time  31*5  inohes  of  stroke  had  been  used  and  the  velocity  was  13.7  fps.  The 
pressure  and  deceleration  then  began  to  decrease  until  .155  seconds  after  34*5 
Inches  of  stroke,  the  edge  of  the  platform  struck  the  ground  and  the  deceleration 
rose  sharply  to  a  maximum  of  8*5  Q,  then  rapidly  deoreased.  40  Inohes  of  stroke 
were  used  In  *23  seconds.  The  velocity  error  Is  apparent  here* 
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All  the  tsats  for  the  multi-bag  asriaa  had  a  3d"  ftroka  exoapt  tast  numbara 
19  and, 20  whloh  had  atrolcaa  of  33”  and  23"  raapaotlvaly.  Tha  high  impact 
daoalaratlon  obtalnad  for  thaaa  taata  Indloata  that  tha  ahortar  atx^ka  la  not 
praotioal  for  tha  raqulrad  loading  ranga  of  thaaa  alrbaga. 

Tha  ourvaa  obtalnad  from  tha  taata  Indloata  thnt  tha  initial  part  of  the  air¬ 
bag  ooaqpraaalon  atroka  la  ralattvaljr  Inafflolant  with  raapaot  to  the  work  dona  dic¬ 
ing  tha  lattar  part  of  tha  atroka,  Thla  la  dua  to  fallwa  of  tha  praaaura  to  build 
up  to  an  affaotiva  working  valua  during  tha  aarly  part  of  tha  atroka. 

flgura  20  ahowa  tha  affcot  of  plug  blow  out  praaaura  on  tha  praaaura  ourva.* 

Tha  thaoratloal  oonatant  praaaura  raqulrad  to  atop  a  load  of  1400  pounda  with  an 
Initial  bag  impiot  valoolty  of  30  fpa  la  ahown  by  tha  line  "A",  It  la  alightly 
ovar  7  pal.  Prapraaaurlaatlon  of  a  bag  la  an  attatq)t  to  approjclmata  thla  lina. 

Tha  praaaura  ourva  wa  daaira  without  prapi^aaurlaatlon  la  ahown  by  tha  ourra  "B" . 

Tha  normal  praaaura  ourva  obtalnad  with  tha  praaant  blow  oux>«e  ahowa  a  oonaldarabla 
daoraaaa  in  tha  rata  of  praaaura  buUd-up  whan  tha  orlfloa  plug  blow  out  oooura. 
Thla  indloataa  that  a  mora  afflolant  bag  will  raault  from  an  Inoraaaad  plug  blow¬ 
out  praaaura  whloh  will  build  up  an  affaotiva  working  praaaura  aarllar  In  tha  atroka 
aa  ahown  by  tha  ourva  "D".  Thla  la  an  attampt  to  approxlnta  tha  ourva  "B"  mora 
oloaaly.  It  will  ba  notload  that  l^a  paak  praaaura  daoraaaaa  aa  tha  blow-out 
praaaura  Inoraaaaa.  Thla  la  baoauaa  tha  bag  la  doing  work  aarllar  In  tha  atroka 
thua  daoraaalng  tha  valooity  and  giving  tha  air  more  tlma  to  aaoapa  par  unit  of 
atroka  whloh  raeulta  in  a  hlghar  work  output  by  tha  bag  with  low  0  paaka. 


To  teat 
Table  It 

tha  validity  of  thla  oonolualon  tha  following  ohart  waa  derived  from 

Orlfloa 

•1 

Plug 

Blow  Out 

Impiot 

(Av)  Q 

(Av)  Q 

Dla. 

fiiti 

fnuiJAil 

Weight 

YilJilB) 

HUL. 

Im&ji 

4«5 

6. 

4.39 

1385 

25.85 

6.92 

12.62 

5 

6.5 

3.33 

1385 

26.5 

7.36 

17,1 

5 

6. 

3.06 

1385 

26.0 

7.80 

18.3 

5.5 

6.5 

2.67 

1385 

26.2 

8.65 

18.7 

Tha  walghta  and  avaraga  bag  Impact  valooltlaa  ara  naarly  aqual  for  aaoh  typa  of 
orlfloa.  Tha  hlghaat  avaraga  blow-out  praaaura  waa  attalnad  ualng  tha  4.5"  orlfloa 
with  a  6"  plug.  Thla  gava  tha  moat  aatlafaotory  raaulta  aa  pradlotad  abova.  Tha 
avaraga  0  Max  and  0  Impaot  wara  both  lower  than  that  of  tha  other  orlfloa  typaa. 

Thla  maana  that  although  Q  Max  waa  lowar^  mora  work  waa  dona  during  tha  atroka 
Indicating  a  more  even  bag  raaotlon  during  tha  atroka.  It  might  ba  axpaotad  that 
an  inoraaaad  blow-out  praaaura  would  inoraaaa  tha  tandanoy  for  tha  platform  to  topple | 
however,  the  lover  0  Impaot  Indloataa  that  tha  bag  atabUlty  la  not  daoraaaad.  The 
ohart  alao  ahowa  tha  avaraga  0  Max  and  Q  Impaot  both  inoraaaa  aa  tha  blow-out 
praaaura  daoraaaaa. 

Thua,  tha  biga  utilizing  tha  4.5"  orlfloa  with  a  6"  pl,ug  ware  tha  moat  afflolant 
of  thoaa  taatad  but  alnoa  thla  typa  of  bag  had  tha  hlghaat  blow-out  praaaura,  wa 
oannot  oonolude  that  thla  la  tha  optimum  bag  configuration.  It  la  racoBUftanded  that 
tha  taata  ba  continued  to  datarmlna  tha  optimum  blow-out  praaaura. 

Loadlna  Hanaa  Data 

Two  aariaa  of  taata  wara  oonduotad,  aaoh  ooverlng  a  ranga  of  vertical  Inpaot 
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nlooitlii  and  loiidlngi*  Ths  first  strlss,  oonduotsd  on  a  single  slrbsg,  Inoludsd 
vsrtloul  Inpsot  vslooltiss  of  21,25  fps  to  31,15  fps  and  loadings  of  1389  pounds. 

Ths  ssoond  series  had  four  airbags  per  platforn  with  velooities  of  23,6  fps  to 
32.04  fps  and  loadings  of  1250  to  1600  pounds  per  airbag. 

The  sises  of  the  diaphragm  orifice  and  plug  were  varied  during  the  tests  oon- 
duoted.  Howeveri  the  majority  of  ths  tests  were  performed  using  Idiie  6"  plug  with 
a  4jr"  diameter  diaphragm  orifloe  which  depleted  the  most  satlsfaotorjr  resists. 

A  few  tests  in  the  multi-bag  series  exceeded  the  desired  "0”  loading,  however, 
in  most  of  these  oases  the  movies  Indloated  poor  tests  for  various  reasons  as 
noted  In  Table  IZ. 

Then  it  majr  be  oonoluded  that  the  teats  oonduoted  with  the  4^^'  orifloe  and  6*' 
plug  vdnioh  had  a  loading  range  of  1250  to  1650  pounds  and  Impaot  velooities  of 
21-32  fps  ars  satisfactory  as  borne  out  in  the  Msohanlos  seat ion  of  this  report* 

Furthermore,  In  oontlnulng  'Uie  theoretioal  oaloulations,  we  find  that  the  air¬ 
bags  oould  satisfactorily  fall  In  'Uie  range  of  600-2200  pounds  with  Impaot  velocities 
of  21-30  fps. 


deveriil  methods  of  oraparlng^  the  efflolenoies  of  airbags  during  deceleration 
of  various  loads  and  impaot  vti,OQitles  are  of  interest. 


The  work  done  by  the  bag  to  deoalerate  the  load  Is  given  by  equation  (10) i 


"kb  - 


Buti 


S" 


-  by  definition  or  s 


/•'•R  ^*2 

Therefore,  s  R^ds  s  “  ^  V* 


A  graph  has  been  drawn  for  each  test  showing  the  deceleration  in  plotted 
against  the  stroke.  The  value  of  the  integral  .JC^Ohde  is  given  by  the  area 
under  the  "0"  curve  on  the  gr&ph  between  62  *>^d  Tne  work  done  the  bag  during 
any  portion  of  the  stroke  is  given  by  the  product  of  the  weight  of  the  load,  the 
area  under  the  "0"  curve  through  ths  stroke  Inorement,  and  a  constant  vrtiose  value 
Is  determined  by  the  units  of  the  graph. 


The  work  required  to  stop  the  load  Is  given  by  the  energy  acquired  by  the  load 
during  the  drop. 


UV^  /  MS 


We  now  have  one  method  of  determln,lng  the  efflolenoy  of  the  bags|  that  Is, 
the  ratio  of  the  work  done  by  the  bag  to  the  work  required  to  stop  the  load. 


*1  =  '^kb 


This  method,  however,  gives  u?>  no  Information  regarding  the  maximum  decelera¬ 
tion  on  the  load  during  the  stroke. 
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Vho  maxlfflum  permissible  deceleration  on  the  load  has  been  set  at  13  Q'l* 

This  ■uggeste  another  method  of  comparing  the  bags|  that  le^  the  efficiency  of 
the  bag  In  stopping  the  load  within  the  required  limits  of  deceleration  or,  13 
divided  by  the  number  of  "a*a"  at  the  peak  of  the  deceleration  curvet  A  glance 
at  the  deceleration  curves  shows  that  the  curves  all  rise  to  a  sharp  peak  near 
the  end  of  the  stroke  when  the  platform  topples  or  the  edge  strikes  the  ground. 
This  condition  would  not  be  as  likely  to  exist  during  a  parachute  drop  because  of 
the  greater  number  of  bags  and  the  stability  furnished  by  the  parachute  and  plat- 
fon&t  On  many  of  the  curves  the  deceleration  rises  to  a  peak  due  to  the  decelera¬ 
tion  force  exerted  by  the  bag,  then  begins  to  decrease  and  then  rises  to  a  sharp 
peak  due  to  contact  with  the  grounds  We,  therefore,  chose  to  ignore  the  peaks  due 
to  ground  contact  in  the  efficiency  calculations  and  use  what  Is  Indicated  as  due 
to  the  bag. 

Another  method  used  to  determine  the  efflolenoy  of  the  bag  with  respect  to 
the  deceleration  on  the  load  Is  given  by  the  average  "Q"  applied  to  the  load  during 
the  stroke  divided  by  the  maximum  number  of  "Q<s"  on  the  load. 

The  average  "Q's"  during  the  stroke  was  found  by  the  relatlonshl|)) 

®AV  * 

a  w 


This  method  gives  sobm  Indication  of  how  evenly  the  foroe  Is  being  applied 
through  the  duration  of  the  stroke. 

It  Is  still  desirable  to  find  how  efficiently  the  bag  Is'^'using  the  stroke. 
The  theoretical  stroke  required  to  stop  the  load  without  excessive  deceleration 
Is  given  by) 

SjHS 


The  efflolenoy  of  the  bag  Is  then  found  byi 


Where  "S”  Is  the  net  available  stroke 


Tike  theoretical  stroke  found  here  Is  very  small  compared  to  the  net  available 
stroke  causing  the  efflolenoy  to  be  very  low.  Also,  the  results  found  here  give 
little  Indication  of  the  bags'  performance  since  the  net  available  stroke  Is 
always  used  completely)  for  bags  having  the  some  stroke,  the  only  variable  would 
be  the  Impact  velocity  which  would  therefore  determine  the  efficiency. 

Ue  now  have  4  methods  of  finding  the  efficiency  of  a  bag) 

(!)  %  -  (2)  ^  m  13... 

137“  0  max 

**kp 

(3)  ■,  ■  fliX  (4)  */  = 

3  Q  max  ^  S 

The  results  of  these  methods  are  given  In  Table  III. 
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Thi  niiMf  obtained  for  lU  miry  from  100}(  to  4^.  The  method  of  oaloulatlon 
dependa  upon  the  aooeleratlon  ourvea  obtained  during  the  teata  and  the  aoouraoy 
with  which  the  areaa  under  the  ourvea  can  be  mea cured.  The  wide  range  of  valuea 
oan  be  attributed  to  dlatortlona  Inpoaed  upon  the  aooeleratlon  ourvea  due  to 
premature  ground  oontaot  of  the  platforma.  Generally  apeaklng,  however,  the 
f Igurea  tell  how  effectively  the  baga  are  doing  the  work  required  to  atop  the 
platform,  thereby  giving  aome  indication  of  the  reaultant  velocity. 

The  reaaona  for  the  high  vaiuea  obtained  for  Eg  are  obvloua  when  the  method  of 
oaloulatlon  and  the  maximum  lapaot  deoeleratlon  flgurea  are  oonaulted.  The 
majority  are  well  over  100](  indloatlng  that  they  were  not  decelerated  by  the  bag 
In  exoeaa  of  the  13  0  maximum  apeolfled. 

Low  vaiuea  were  also  obtained  for  I3  and  Bi .  The  reeulti  of  1/  have  been 
dlaouaiotil  and  thoae  of  B3  are  obvj-oua.  The  latter  has  little  meaning  other  than 
a  aeana  of  showing  how  evenly  the  force  la  being  exerted  during  the  stroke. 

Certain  portions  of  the  stroke  wherein  little  work  la  being  accomplished  such  as 
the  Initial  part  when  the  bag  la  coiqpresslng  result  In  low  values  of  E3. 

acaparlaon  of  Teat  Numbers  11.  12.  and  13  For  The Jtf foot Jjf  teop  Heights 

Teats  nuBibera  11,  12,  and  13  were  conducted  with  all  oondltlona  of  the  drop 
teat  being  the  same  except  for  the  drop  height,  which  was  varied. 

Each  of  the  drops  had  a  load  of  1530  pounds  per  bag  with  a  system  of  4  bags  per 
platform.  Teat  111  was  dropped  from  9  ft,  test  |12  from  11* -5",  and  teat  |13  from 
a  height  of  14  ft. 

Ourvea  of  work  versus  stroke  for  each  of  the  three  drops  Mre  plotted  and  super¬ 
imposed  on  one  graph  sheet  (see  Figure  23).  It  Is  noted  that  until  the  bung  Is 
blown  from  the  bag,  whloh  occurs  in  the  neighborhood  of  a  16"  stroke  of  the  bag 
for  each  drop,  the  three  curves  are  Identical |  denoting  an  equal  amount  of  work 
being  done  by  the  baga  regardless  of  the  height  from  whloh  the  bags  are  released. 
This  follows  a  general  line  of  reasoning  since  up  until  the  bung  la  blown  out  of 
the  bag,  a  closed  pressure  ayatem  Is  had  In  the  bag  whloh  will  give  the  same  amount 
of  work  done  by  the  bag. 

However,  after  the  bung  la  blown  from  the  b«g,  the  work  done  by  the  bag  varies 
to  the  extent  that  the  highest  drop  will  create  more  work  done  by  the  bag  at  any 
spec If lo  atroke  point*  This  change  oa^  be  readily  aeen  In  observing  the  velocity 
curves  (see  Figure  24)  which  depicts  a  steeper  slope  for  the  higher  velocities  after 
the  bung  la  released  from  the  bag*  So  that,  more  work  la  done  by  the  bag  from 
bung  release  to  complete  oonpresslon  of  the  bag.  Sven  though  the  curves  for  com¬ 
paring  test  numbers  11,  12  and  13  looked  fairly  good,  whloh  would  indicate 
successful  drops,  movies  and  test  observation  showed  otherwise.  The  movies  for 
each  of  the  teata  showed  the  bags  to  be  spread-eagled  on  descending  from  the  drop 
height  which  denotes  the  bags  were  not  functioning  at  their  best. 

In  referring  to  comparison  test  numbers  9»  11,  and  16,  we  sumlsed  that  test 
number  11  did  not  do  the  work  as  should  have  been  done*  Therefore,  it  appears 
that  testa  11,  12,  and  13  were  not  good  teats. 
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fiQmar_liQn_of.TflitJluab«M..K  »nd  81  For  ’fha  Effgot  of  Wtlabt 

T«iti  nuubtra  Ui  15  and  21  war*  oonduottd  with  nearly  equal  velooltlea  and 
varied  weight!.  All  other  oonditlone  were  the  aame. 

.^aoh  drop  had  a  bag  Inpaot  velocity  of  approximately  29,5  fpa. 

The  platform  had  4  alrbaga  and  the  weight!  for  teot!  14,  15,  and  21  were 
1550  lb!,  1850  lb!,  and  1350  Iba  per  bag  roapeotlvely. 

Work  and  veloolty  ourvea  were  aigaln  plotted  and  auperliqpoaod  for  theae  teata, 
(See  Figure!  25  and  26). 

Teat  ii*14  with  a  weight  of  1550  Ib/bag  had  the  hlgheat  work  curve  and  the  moat 
rapid  deoreaaa  In  veloolty.  Teat  #21  with  1350  Ib/bag  load  had  loweat  work  ourve 
and  a  raaldual  velocity  at  the  end  of  the  atroke, 

Thla  bearo  out  what  haa  been  predicted  and  ahown  from  teat  reaulta  In  other 
phaaea  of  thla  atudy,  that  la,  a  reaaonable  weight  range  variation  haa  little  effect 
on  thla  work  output  of  the  bag  au  compared  to  the  effect  of  variation!  in  other 
condition!  auch  aa  velocity, 

ObMPirllQa  of  of  Orifice  and  Plua  Slae 

Teat  numbara  18.  22  and  23  were  conducted  with  aimUar  waighta  ond  Impact 
velooltlea.  The  orifice  and  plug  aiaea  were  varied. 

The  veloolty  and  work  ourvea  were  auperimpoaed  and  plotted  In  Flgurea  27  and  28. 

Teat  #22  had  the  loweat  blow  out  preaaure  with  a  plug  diameter  of  6"  and  an 
orifice  diameter  of  5*25" •  Thla  teat  alao  had  the  loweat  work  ourve  and  the  loweat 
rate  of  velocity  deoreaae  aa  expected. 

The  higher  blow  out  preaaurea  of  teat  numbera  18  and  23  gave  more  aatiafaotory 
reaulta  on  the  work  and  veloolty  ourvea.  Teat  number  18  with  a  plug  diameter  of 
6”  and  an  orifice  diameter  of  4.5"  appear!  to  give  the  beat  reaulta. 

&QmDariaQn_of_,atatlo  Drop  With  Aotual  Parachute  Drop  Taat 

Inatrumented  parachute  drop  teata  were  conducted  at  El  Oentro,  Oallfornla  In 
January  of  1958,  Viaual  obaervation  and  Inatrumentatlon  raoorda  Indicated  that 
Teat  #5  conducted  on  January  14,  waa  a  teat  with  a  wind  veloolty  of  5-10  knota. 

We  therefore,  ohoae  to  graph  thla  teat  In  the  aama  manner  aa  the  atatlo  drop  teata. 
On  comparing  theae  with  the  grapha  obtained  for  the  atatlo  dropa,  we  find  oonalder= 
able  variationa  in  the  ourvea.  The  deceleration  ourve  appeara  to  be  unreaaonably 
low  reaultlng  in  a  email  work  output  by  the  bag.  Thla  la  due  to  the  low  preaaure 
curve  which  aeema  to  be  oharaotarlatlo  of  parachute  dropa,  poaalbly  beoauae  of  the 
horlaontal  motion  of  the  platform  during  the  atroke.  The  general  type  of  ourve 
obtained  from  the  parachute  dropa  alao  dlffera  from  thoae  obtained  by  the  atatlo 
drop  teat  In  the  upward  and  downward  aenae  of  concavity  at  the  beginning  of  the 
preaaure  build  up.  Thla  alao  may  be  due  to  the  horlaontal  motion  of  the  platform. 

The  energy  Input  of  the  platform  la  given  by 

1/2  M  V®  /  W,  s  20,220  ft  Iba/bag 

g 
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Thli  if  thf  work  that  nuat  bt  done  to  bring  the  platform  to  aero  velocity. 

By  integrating  the  0  -  atroka  curve,  we  find  that  the  work  done  by  the  bag  plui 
that  done  by  ground  impact  ia  approximately  10,000  ft  Iba/bag.  The  magnitude  of 
the  difference  between  theae  two  quantitiea  leada  to  acme  doubt  of  the  validity 
of  the  deceleration  curve. 

The  general  ahape  of  the  curve,  however,  ia  aimUar  to  thoae  obtained  from 
the  atatlo  dropa  indicating  aome  correlation  between  the  two. 

It  ahould  be  noted  that  the  velocity  of  the  parachute  drop  doea  not  Inoreaae 
during  the  firat  few  inohea  of  atroka  aa  it  doea  on  the  atatio  dropa.  Thia  ia 
to  be  expeoted  beoauae  the  atatio  drop  haa  a  deceleration  value  of  *  1  Q  at 
Initial  acceleration.  The  reault  ia  a  oonatant  velocity  for  the  firat  few  inohea 
of  atroka  until  the  bag  builda  up  auffioient  working  preaaure  to  exert  a  decelerat¬ 
ing  force. 

It  waa  notad  that  a  cylindrioal  bag  vaa  ohoaen  for  thia  atudy  beoauae  the 
barrel  ahaped  bag  had  already  been  thoroughly  teated. 

Initial  Inveatlgation  of  airbag  deoeleratora  began  with  the  barrel  ahaiped  bag 
beoauae  of  the  atruotural  advantage  in  that  the  material  la  under  leaa  atreaa  when 
preanurlaed.  Thia,  however,  ie  ooiqpenaated  for  by  the  reduced  aeam  area  of  tha 
cylindrical  bag  which  la  a  critical  araa  atrangthwiaa. 

It  la  ganarally  balievad  that  tha  cylindrical  bag  will  have  a  diaadvantaga  over 
the  barrel  ahaped  bag  in  that  tha  atabillty  will  be  raduoad.  It  ia  fait  that  tha 
barral  bag  will  hava  a  tendency  to  roll  under  the  aotion  of  an  oblique  impaot, 
whereaa  the  cylindrioal  ahaped  bag  will  be  more  likely  to  buokle.  Vto  muat  be  more 
oonoemed,  however,  with  the  atabillty  furniahad  to  tne  platform  by  tha  bag  than 
tha  atabillty  of  tha  baga  thamaalvaa  whan  attampting  to  oompara  tha  baga  in  thia 
aanaa.  Tha  faot  that  tha  cylindrioal  baga  cannot  "roll"  undar  tha  platform  may 
Inoraaaa  tha  raalatanoa  to  tha  horiaontal  aotion  of  the  platform  and  thui  in  aome 
olroumatanoaa  may  Inoraaaa  tha  atabillty  of  tha  platform.  It  waa  notad  from 
obaarvitiona  of  parachute  dropa  that  tha  baga  would  tand  to  ahaar  from  the  plat¬ 
form  by  unanapping  tha  faatanara  at  tha  pointa  of  attachment  undar  oondltiona  of 
high  horiaontal  velocity  thua  anabllng  the  platform  to  allda  along  tha  ground. 

No  attempt  ia  made  hare  to  oMipara  tha  aotion  of  the  baga  undar  horiaontal 
motion  of  tha  platform  but  only  to  ohow  tha  difficulty  of  making  auoh  a  oompariaon 
without  actual  tasting.  Similar  ,perfomanoa  ia  axpaotad  from  tha  two  typaa  of 
baga  in  actual  taata  beoauae  of  the  innerent  atabillty  of  tha  multi-bag  ayatem. 

Soma  of  tha  advantagaa  of  tha  oylindrloal  bag  over  tha  barral  ahapad  bag  that 
ahould  ba  taken  into  oonaldaration  in  any  evaluation  of  the  relative  merite  of  the 
two  are I 

1)  More  complete  bag  extenaion 

a .  The  barrel  bag  hoopa  may  tend  to  bind  together  In  the  oollapaed  poaltion 
(atowage),  whereaa  tha  oylindrloal  bag 'a  hoopa  era  of  the  eama  diameter 
and  rcat  oh  each  other  whm  oollapaed. 
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b.  When  In  the  extended  position  the  weight  of  the  barrel  bag  tends  to 
oollapee  the  ourved  ualle  of  the  bag  Inward  resulting  In  an  Inooaplete 
volUBM  extenelon. 

2}  ^liqpler  oonstruotlon  and  fabrication 
a*  Less  seaming  of  patterns 
b.  Less  gore  patterns 

3)  More  efficient 

a.  The  cylindrical  bag  has  been  shown  to  be  superior  In  static  drops 
as  well  as  actual  parachute  drops* 

4)  More  economical  to  produce  because  of  Its  simpler  oonstruotlon 

3)  Constant  area  of  contact  throughout  the  stroke  resulting  In  a  more  constant 
work  output  (higher  work  output  per  pel  at  beginning  of  stroke) . 

Two  other  types  of  airbag  configurations,  a  conical,  and  a  skirt  typo  bag,  were 
considered.  The  first  was  a  conic  frustrum  bag.  A  bag  of  this  type  will  naturally, 
under  loading,  compress  from  the  and  with  the  smaller  diameter.  Thus,  we  have  at 
the  beginning  of  the  stroke  a  small  area  of  contact  and  low  pressure.  -These 
increase  slowly  and  the  bag  Is  well  through  the  stroke  before  sufficient  area  and 
pressure  is  available  for  the  bag  to  do  any  appreciable  work.  The  bag  also  has  one 
disadvantage  In  common  with  the  barrel  bag|  that  is,  the  hoops  may  tend  to  bind  In 
the  collapsed  position  preventing  proper  extension.  For  these  reasons,  the  conical 
bag  was  considered  unworthy  of  further  Investigation. 

The  skirt  type  bog  was  a  long  width  of  fabric  stretched  around  the  entire 
perimeter  of  the  platform  and  hanging  down  freely*  At  ground  contact  the  air  would 
be  trapped  In  the  rectangular  space  between  the  ground  and  platform  and  restricted 
around  the  sides  by  the  fabric.  A  model  of  the  platform  and  skirt,  however,  was 
built  and  tested,  and  proved  to  be  unsuccessful  due  to  the  large  rate  of  air  escape 
from  under  the  skirt.  A  design  of  this  type  with  an  enclosed  bottom  was  considered 
but  found  to  be  unpractical  from  the  standpoint  of  weight  and  stowage  space  due  to 
the  large  amount  of  materiel  required  and  the  gauge  of  the  material  required  to 
withstand  the  high  stress  resulting  from  this  type  of  design.  The  fact  that  this 
is.  In  effect,  a  single  bag  decreases  the  stability  furnished  to  the  platform. 

This  design  was  therefore,  discarded. 

Alrbig,..BiaiaiAgM 

Airbag  efficiency  Is  Influenced  by  the  helght/dlameter  ratio  of  the  bag.  The 
airbag  stability  will  be  decreased  as  this  ratio  Increases  but  no  maxlmiw  limit 
has  been  set  for  this  value.  The  ratio  should  be  kept  as  low  as  It  Is  possible  to 
coiqply  with  other  requirements.  The  present  ratio  (45/35  s  It2d5)  appears  to  be 
within  the  allowable  limit. 

The  pressure  required  In  the  bag  for  an  efficient  work  output  Is  determined  by 
the  bag  diameter  or  the  area  of  contact  between  the  bag  and  platform.  The  present 
bag  has  a  diameter  of  35"  end  an  area  of  962  sq  In.  An  Increase  in  this  area  would 
result  In  a  higher  work  output  by  the  bag.  The  upper  limit  of  the  area,  however, 
as  set  by  the  avnllable  space  under  the  platform,  has  been  reached* 
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Sinof  the  dloneter,  In  turn,  limits  the  etroke,  as  shovm  above,  we  feel  that 
these  dimensions  are  nearly  optimum* 

No  information  Is  available  from  aotuid  tests  on  the  effect  of  partitions  with 
air  mater Ing  devices  within  this  type  of  airbag* 

The  result  of  such  a  partition  would  be  a  decrease  In  the  rate  of  air  escape 
from  the  bag  after  a  point  of  the  stroke  determined  by  the  position  of  the 
partition  in  the  bag*  This  would  cause  higher  pressures  to  build  up  In  the  latter 
part  of  the  stroke, 

It  has  been  shown  that  higher  pressures  are  more  desirable  during  the  Initial 
part  of  the  stroke  to  increase  airbag  efficiency  and  It  pan  be  seen  that  due  to  the 
direct  relationship  between  pressure  and  Q  load,  that  an  increase  In  pressure  during 
the  latter  part  of  the  stroke  may  not  be  tolerable  due  to  the  resulting  Q  load 

increase • 

Other  disadvantages  of  an  internal  partition  would  be  an  increased  weight  and 
initial  airbag  cost*  Servicing  difficulties  of  an  Internal  partition  and  orifice 
are  obvious* 

If  the  internal  orifice  were  to  become  plugged  by  the  compresslmg  airbag,  the 
result  would  be  a  ruptured  bag  or  platform  bounce.  This  plugging  wo^d  be  dlffl-  ' 
cult  to  control  during  the  angular  descent  of  a  parachute  drop* 

It  Is  therefore  our  belief  that  no  advantage  oould  be  gained  by  future  Investi¬ 
gation  of  this  function  that  would  offset  the  disadvantages  shown  here, 

frtprtiimlHtlQa 

Prepressurlsatlon  Is  an  attempt  to  obtain  an  approximately  constant  pressure 
throughout  the  stroke  (see  curve  "A"  of  Figure  20)  thus  obtaining  a  steady  work  out¬ 
put  the  bag  throughout  the  complete  stroke.  This  would  theoretically  result  In 
a  straight  ”0"  curve  which  would  be  Idte  lowest  possible  "0"  peak"  value  for  a  given 
velocity  and  weight,  thereby  giving  the  bag  100)(  efficiency* 

Obtaining  a  straight  pressure  curve  would  bo  unpractical  of  course,  and  un¬ 
necessary  to  Comply  with  present  deoelerator  requirements!  however,  we  feel  It  Is 
possible  and  desirous  to  approaoh  this  curve  by  prepressurlsatlon* 

The  present  alx'bag  is  well  through  the  strokh  before  sufficient  pressure  Is  built 
up  for  an  effective  work  output  by  the  bag.  Part  of  the  stroke  Is  used  to  expand 
the  sides  of  the  airbag  out  to  the  maximum  diameter  then  about  10"  of  stroke  Is  often 
vised  to  build  up  2  pslg  pressure*  Prepressurlsatlon  would  result  In  a  more  coBg)lete 
bag  extentlon  and  an  Immediate  work  output  by  the  bag* 

Ample  storage  space  Is  available  under  the  platform  among  the  Interoostals  and 
the  Increased  weight  would  be  a  small  percentage  of  the  total  weight  of  the  load* 

The  Increased  cost  would  have  to  be  considered  along  with  the  triggering  devices 
after  the  antl-toppllng  doors  are  swung  open.  Since  the  present  alrbais  are  made 
light  as  poBsible  and  are  not  ooaqjletely  Impervious  to  air  leakage,  the  timing  of 
the  Inflation  of  the  bags  should  be  as  close  to  ground  contact  of  the  load  as  possible* 
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DiiouisiQn 

Th«  pvlglnal  design  wsi  bused  on  the  use  of  s  materlsl  which  maintained  Its 
flexibility  at  low  temperature Sf  and  on  an  orifice  which  had  a  varying  diameter 
dependent  on  bag  pressure,  Bags  supplied  have  «  minimum  rubber  coating  and  an 
orifice  which  is  relatively  stiff.  The  stiffness  of  this  orifice  Is  such  as  to 
give  a  bung  release  at  approximately  6  psig  bag  pressure . 

From  the  results  of  drop  testa  run  on  single  bag  platformsi  it  was  noted  that 
the  orifice  expanded  and  contracted  during  the  deceleration  period  as  anticipated, 
but  the  bung  release  was  at  too  early  a  time  to  satisfaotoruy  retard  the  higher 
energy  input  loads, 

A  revised  orifice  which  was  made  considerably  stiffer  resulted  in  a  higher  bung 
release  pressure  and  more  energy  absorbtion.  For  1400#  loads  at  24  ft/s  this 
orifice  appeared  to  be  nominal.  However,  for  lower  Input  energies  there  was  iid.lght 
bouncing,  and  for  higher  energies,  ground  impacts. 

The  bags,  therefore,  are  for  a  nominal  range  of  operation  and  improvement  of  the 
spread  In  the  energy-input  range  appears  feasible  by  variation  in  relief  and  meter¬ 
ing  design  as  well  as  by  use  of  bag  pressuriiatlon,  should  that  be  desired. 

Indications  are  that  further  work  should  be  directed  toward  Investigating  the 
orifice  and  release  pressure  of  the  bung.  An  increase  in  required  orifloe  area 
and/or  bung  slse  with  the  presently  proposed  platform  cannot  be  made  by  keeping  a 
oiroular  configuration.  An  elliptical  shape  would  allow  for  an  area  increase  with¬ 
out  conflicting  with  the  Intercostal  platform  stiffeners. 

Use  of  a  second  ring  whioh  would  be  larger  than  the  relief  orifloe  and  would 
aot  only  to  hold  the  bung  until  the  proper  pressure  point  appears  to  be  desirable, 
With  this  system  it  would  be  possible  to  attain  a  high  pressure  relief  point  with¬ 
out  saor if icing  flexibility  of  the  variable  orifice, 

Zn  lino  with  increasing  the  effloienoy  of  the  bags  we  have  investigated, 
separately  from  this  oontraot,  a  potential  source  for  rapidly  inflating  the  bags 
by  use  of  explosives.  The  Plttman-Dunn  Laboratory  at  Frankford  Arsenal  in 
Philadelphia  was  contacted  and  oonelders  the  problem  presented  to  them  as  being 
fairly  routine.  Mr,  LeVlno  of  the  Arsenal  brought  out  that  they  would  be  willing 
to  make  a  nake-shlft  demonstration  of  the  prinoiples  involved  upon  our  supplying  a 
bag. 


Since  it  is  our  understanding  that  detailed  work  on  this  Inflation  system  is  beyond 
the  scope  of  this  oontraot,  we  are  not  prepared  to  enter  into  work  with  the  Arsenal, 
However,  if  we  supply  requirements  to  the  Arsenal,  they  are  willing  to  furnish  a 
proposol  for  time  and  money.  This  point  is  brought  up  in  anticipation  that  UADG  may 
Want  to  consider  rapid  inflation  with  the  prospect  of  Increasing  the  effloienoy  of 
airbag  deoeleratlon  and  raising  the  energy  absorbtion  oapabillties  of  airbags. 
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Tht  finAl  bag  dtilgn  nuit  fulfil  requlraiaanti  of  praseura,  rapaatod  uaa, 
propar  axtanalon  undar  low  tan)|»ratiira  oondltlona  and  paokagablllty. 

Praaaura  -  From  drop  taat  raporta  and  the  aatlmatod  ranga  of  bag  loadlnga  it 
aj^ara  that  praaawaa  up  to  20  patg  may  ba  anoounterad,  Thla  praaaura  build-up 
la  high  in  ralation  to  the  otherwlaa  light  weight  and  flexibla  oonatruotion  that 
la  raquirad  for  tha  baga»  It  would  raquira  ralnforoing  tha  baga  by  uaa  of 
olroumferantlal  hoopa  which  would  taka  aoma  of  tha  alx'ain  from  tho  fabrlo  and 
aaaraa*  Thia  haa  alraady  baan  dona  in  pravloua  baga, 

Rtpaatad Uaai  The  baga  are  raquirad  to  withstand  repaatad  uaa.  Thia  ia  not 
a  apaoifio  raquiremanti  however^  it  ia  aaaumad  that  a  minimum  number  of  dropa  win 
eventually  ba  apaolfiad, 

Tha  vulnerability  of  the  baga  oannot  be  daflnltaly  aatabllahad;  however,  it  la 
highly  probabla  that  baaidaa  tha  normal  flexing  and  paak  praaaura  oonditiona  that 
will  axiat  during  dropa,  tha  baga  will  be  aubjaoted  to  abrasion  and  outtlng  aotlona 
of  tha  platform  and  terrain.  The  main  method  of  Inoreaaing  bag  life  from  an 
abrasion  standpoint  ia  the  addition  of  protaotiva  ooatlng.  Thia,  however,  will 
result  In  a  atiffar  bag  whioh  may  not  perform  aatlafaotorily  in  extending  itself, 
prior  to  ground  oontaot,  Sinoe  the  raquiromant  for  full  axtanalon  la  greater  than 
abrasion  raaistanoa  (in  that  a  non-«xtanded  bag  would  ba  of  little  uaa  in  a  drop, 
wharaas  an  axtandad  bag  which  had  to  be  raplaood  after  a  limited  number  of  drops 
would  at  least  have  served  to  good  uaa  for  tha  limited  time),  Wa  would  say  that 
additional  protaotiva  ooating  was  a  secondary  requirement  to  be  aatiafled  only 
after  bag  extension  oharaoteriatlos  ware  mat. 

Bag  gxtanaiont  Tha  prime  oonoern  is  that  the  bag  will  fully  extend  under  low 
temperature  oonditiona. 

To  determine  the  bag  "extanaibUity"  and  obtain  correlation  with  a  test 
procedure,  two  types  of  teats  ware  made.  A  bag  was  made  up  to  the  proposed 
dimansions  and  oonatruotion,  then  packaged  into  its  oollapaed  state.  Thia  paokage 
was  than  aubjaoted  to  low  tamparaturas  in  a  oold  room,  oonditioned,  and  than  re¬ 
leased.  The  amount  of  extension  was  noted. 

The  Oontrol  Teat  waa_tbe  Qahman  Gold  Torsion  Modulus  Teati 

Figures  29  and  30  show  teats  on  plain  compounds  and  nylon  reinforced 
oompounda. 

An  airbag  made  up  of  material  (l).  Figure  30,  extended  18"  and  14"  in  two  teats. 
The  Qahman  test  on  thia  fabric  for  -40%  showed  a  twist  of  approximately  I640  vs. 
an  original  of  166^  at  room  temperature. 

Bag  made  up  of  material  (2),  Figure  30,  did  not  extend  appreoiably  when  re¬ 
leased.  This  h4a  Goodyear  Compound  52904  in  its  main  makeup. 
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From  the  oold  Toraion  Teat  on  ootspound  alone,  It  la  apparent  that  Goodyear 
Ooiapound  28601  hai  the  greateat  potential  for  uae  at  low  temperaturea  while  atUl 
maintaining  flexlbilltyt 

Goodyear  Gompounda  70940  and  5^904  ore  approximately  the  aame  but  aomewhat 
poorer  in  flexibility  than  the  Goodyear  Oompound  28601*  We  have  prooeaaed  nylon 
cloth  with  the  Goodyear  Oompound  28601  for  manufacturing  Into  a  bag  and  expect 
that  thla  will  be  the  Ideal  fabrio  for  flexibility* 

Bealde  the  flexibility  of  the  oompound,  the  atlffneaa  la  alao  dependent  on 
over-all  gauge  of  the  final  material*  Thla  gauge  la  being  kept  to  a  minimum  for 

the  teat a* 

To  obtain  improved  extenalbUlty  of  deoelerator  baga,  additional  materlala 
ware  Inveatlgated.  Initially  thin  leveatlgatlon  waa  oheoked  by  running  Gehman 
Oold  Toraion  Modulua  Teata,  to  dlaoover  relative  Improvement  over  paat  materlala* 

Figure  31  ahowa  the  reaulta  of  four  materlala  Inveatlgated  and  ootqparea  them 
with  the  Initial  materlala* 

Although  there  apoeara  to  be  only  alight  Improvament  of  the  rubber  oompounda 
over  the  neoprenea  (l)  and  (4)  at  -40^,  the  difference  la  much  more  noticeable 
at  lower  temperaturea* 


Gold  ohamber  teata  of  baga  made  from  material  numbera  (1),  (2),  (8)  and  (9) 
renulted  In  the  following  tablet 


Material 
. . Jl9a _ 

1  .  . 

_ &  Extenalc 

H  0  *4090 _ 

%  Twlat  from  Gehman 

Baae' 

__  _  0. 

1 

o 

Weigh 

A.7 

t  ^ 

7 

-40  -50  -60 

-  100  .71.  _50.5 

-  50- 

63 _ 

ulOO  .. 

2 

-0  . . . 

66  46  33 

8 

02 

-  100- 

100  ^i9.  88.. . 

i _ 

1 

_ 2iL 

I' 

1 

_ m _ 2L^jza _ 

Thla  table  alao  ahowa  reaulta  from  the  Gehman  Gold  Toraion  Teat*  The  percent 
twlat  figure  waa  obtained  by  comparing  the  twlat  at  the  temperature  noted  with  the 
original  twlat  made  at  room  temperature* 

The  difference  between  the  oold  box  extenaion  teat  and  the  Gehman  Modulua 
teat  are  auoh  that  no  poaltlva  correlation  can  be  made*  However,  It  appeara  reli¬ 
able  to  ahow  trend  direction* 
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A  thJfd  influonoing  fftotor  in  th#  oold  ttiti  is  the  possible  fressing  of 
moisture  on  the  bag.  The  testa  made  on  the  assembled  bags  did  not  take  this 
freesing  into  aooountt  In  the  paokaglng  speoifioations  it  will  have  to  be 
brought  out  that  with  sub-frssaing  oondltions  the  bogs  will  have  to  be  oompletely 
dry  so  that  the  material  when  oollapsed  in  the  package  will  not  freese  to  itself 
after  packaging,  This  may  not  be  a  practical  consideration  and  investigation  is 
to  be  continued  on  lubrloatlng  the  bags  with  graphite, 

£Mlaigibi3Lt1iy«  The  bag!  muet  be  able  to  be  paokogad  into  approximately  a 
3  to  4  inch  depth.  Thie  la  a  minor  problem  with  the  barrel  shaped  bag  in  that 
any  hoopa  uied  telesoope  Iniids  of  one  another.  The  present  barrel  shape  has 
given  no  trouble  with  paokaglng, 

A  cylindrical  bag  is  ths  best  shape  from  a  dssign  strsngth,  and  oost  of 
manufioturing  basis.  Its  msln  limitations  ara  poor  psoksgsbility  if  rslnforosd 
with  metal  hoops  and  poor  stability  if  used  as  a  single  unit  under  a  platfora. 

These  two  factors  are  not  of  great  oonosm,  however,  in  that  if  a 
oyllndrloal  bag  is  otherwise  allowable,  ths  dsorsassd  stress  oondition  would 
allow  for  lass  matsrlAl  In  the  hoops.  Ths  hoops  would  also  become  less  ssssntial 
in  bringing  the  bag  cross  aeotlon  out  to  s  olxols.  With  ths  barrel  bag,  hoopa 
ware  nsosasary  to  pull  ths  bag  oiroumfsrence  out  fully. 

From  the  standpoint  of  stability,  a  oylindrlosl  bag  would  bs  satisfactory  if 
used  in  multiple  unite  under  ths  platform,  so  long  as  s  normal  ratio  of  stroke/ 
diameter  is  maintained.  Platform  toppling  due  to  uneven  loading  or  horlsontal 
movement  will  tend  to  be  oorreoted  by  a  oylindriosl  as  wall  as  s  barrel  beg. 

Bag  Oomponantsi  Ths  main  b^g  component  is  the  orlflos.  Its  srss  and  method 
of  regulating  bag  prsssura,  as  wall  as  Its  expandability  and  siaplioity  of  design, 
are  Important  -  factors , 

To  Insure  s  positive  and  prsdlotsble  bag  psrformanoe,  the  orlfioe  must  bs 
oonsl stent  In  its  action,  Ths  most  eatlsfaotory  system  of  relief  is  s  mstsl 
orifice  with  a  blow-out  plats,  ths  piste  being  fitted  to  the  orlfioe  with  a  steel 
gasket  end  shear  pin,  Rseults  obtained  on  this  typo  of  relief  show  that  consistent 
blow-out  pressures  can  be  attained.  The  orlfioe  and  plate  is  heavier  than  rubber 
oomponsnts  and  is  fairly  difficult  to  instoll.  From  ths  standpoint  of  slmplioity, 
this  type  of  orlfioe  is  undesirabls. 

It  has  bfsn  noted  in  ths  study  that  the  relief  point  where  the  orifice  plate 
blows  out  is  not  too  oritloul.  If  bloviuout  ooours  at  an  approximate  prsssura  of 
6  pslg,  ths  bag  will  perform  well.  With  this  in  mind,  development  work  has  bean 
Initiated  to  make  an  orlfioe  and  plug  which  wUl  hold  the  pressurised  air  in  the 
range  of  6  psig. 

The  second  desired  design  on  the  orlfioe  is  s  variable  diameter.  For  proper 
funotioning  the  spring  or  extensible  oiroumfsrentisl  restr lotion  must  bs  developed 
for  proper  dssign.  This  Is  s  oorobinetlon  of  material  as  wall  as  design  development, 

Attsohnsnt  fittings  to  tie  ths  bag  to  ths  platform  will  be  of  s  ensp-on  type 
to  permit  esee  of  Inetallation  as  well  as  ralsass  under  stress  as  the  platform 
moves  horisontally  with  ths  ground  at  contact , 
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FLOW  WEIGHT  —  «  /  SEC  /  SO-.  TX 


VOLUilE  a  AREA  VS.  STROKE 


>  SQUARE  I  FEET 


VELOCm?  FT.  /  SEC  ft  6 


VELOCITY  FT-  /  SEC.  S  G  VELOCITY ;  FT.  /  SEC- 


VELOCITY  1  FT.  /  SEC.  Si  6  _ | _ I  VELOCITY  |  FT.  /  SEC,  ft'  6 


FIG.  10 
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iVELOCITY-  FT./ SEC J 
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TEMPERATURE 
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TABLE  I 


SINGLE  BAG  TEST  DATA _ AIRBAG,  35''DIA,  K  45' 


TEST 

N“ 

MOVIE 

N® 

I?ECORD 

ORIFICE 

DIAMETER 

INCHES 

PLUG 

OMMETER 

INCHES 

OffOP 

TIME 

SEC, 

H 

BLOWOUT 

PI?ESSIJRE 

P&IG 

MAXIMUM 

PRESSURE 

PSIC 

MAmMUM 

DCCCL(Y) 

G'S 

IMPACT 

0£CEL.(' 

O's 

17 

2-9 

m 

4,5 

0.660 

21.25 

n 

1385 

5,00 

7,30 

4,1s 

7,52 

19 

2-10 

0944 

mm 

6 

0.823 

26.50 

1385 

3,93 

10,35 

6,92 

£i 

fl 

0947 

.  — 1 

4.5 

6 

0.9275 

29,85 

1385 

4,25 

13,6 

9.70 

16,82 

B 

2-6 

0937 

5.0 

6 

0.675 

21.70 

1385 

3,03 

8.45 

5.19 

13,48 

15 

2-7 

0939 

6 

0.620 

26.40 

1385 

2,41 

10.80 

8,01 

17,9 

2-8 

6 

0.930 

29,95 

1385 

3,80 

13,20 

10,2 

23,5 

Z3 

2-I2 

0960 

5.0 

6.5 

0.668 

21.50 

1385 

3,06 

8,80 

5,33 

9,31 

25 

2-I3 

0963 

5.0 

6.5 

0,835  , 

26. 90 

1305 

3,25 

11,20  ' 

8,39 

\7AI 

zs 

2-I4 

0986 

5.5 

6.5 

0.675 

21.70 

V385 

2,43 

8,20 

4,86 

11,63 

30 

2-I5 

0990 

B 

6.5 

0,830 

26.70 

1385 

2,98 

8,30 

18,81 

31 

2-16 

0991 

5.5 

6.5 

0.945 

30,40 

1385 

2,70 

1:2,81 

25,6 

35 

2-17 

0996 

5.0 

6.5 

0,968 

31,15 

1385 

3,70 

1760 

9.40 

24,70 

37 

2-I8 

■ 

HI 

m 

0677 

21.80 

1850 

— 

'  10:92 

4,50 

39 

M9 

1013 

? 

1 

; 

1 

0.850 

27.35 

1850 

4,05 

16,90 

9,30 

23,40 

fl 

fl 

fl 

1 

1 

■rtMnttti  ««wn 

■ 

' 

X  -  INDirVlNGUlSHASLE  OR  RAN  OFF  CHART 
5  ''NE6TiNO  DEPTH  OF  PLATFORM 


S'lG.  CYLiNDRlCAl 


:t 

UCY) 

( 

IMPACT 
BCCtL  (A) 
G'fi 

IMPACT 

OCCEL(2) 

G’& 

PRESSURE 

Oboukge) 

PSIQ 

deicelM 

/BOUNCE') 

6's 

RISE  TIME' 
TO  MARK 

SEC, 

(Obitn'od  from  Filffla) 

6,87 

0,536 

X 

0,135 

Mi  linud  \i).-  JsU'mighi  nt  ground  oontnot. 
•i  Qfipi'ox*  50*/  bhp,  conprtiitlont  (S«u0lne 
to  Hit  ground  fir^t.  Othur  «nd  robound* 

Bag  buckled  alightly 
one  and  of  platform 
dLttefiiOi-  Ou„  jm-T.isa_ 

5 

8,75 

r 

9,88 

X 

m 

0.123 

ApproxiWAt«ly  sunt  oondltlonM  «•  abov«  Ttit  |17,  FAIR,  TBST 

1 

8 

13,3 

<9.56 

9.88 

1.16 

0.19 

0.113 

5,43 

0,892 

0,144 

Bag  Lfnacl  up  atralght  at  ground  oontaot,  Bag  bucklad  during 
oonipre^ifllon  oauilng  ona  and  of  platform  to  hit  ground  and 
othar  and  raboundad.  FAIP  TEiST 

1 

S 

5  63 

741 

;  0,892 

0,09 

0,127 

Bag  not  oooplataly  filled  wltH  air,  tatting  an  unavan  lining- 
up  a*  ground  oontaot.  Bag  buokled  during  oompraaaion  oauaing 
pitttform  to  hit  ground  on  ono  ond.  FAIR  TEST 

4,2C 

9.38 

\.07 

0  116 

fag  no^  ico  Wall  lined  tip  at  griwnd  oontaot.  Bag  buoklad  dur¬ 
ing  cumniraaalon  cauning  ona  «nd  oC  platform  to  hit  gx'ound  with 
othar  and  ro))ovmdlr;g.  BAD  TEST 

5,00 

5,Z7 

1,24 

Q9 

0,I4E 

natforin  diJ  not  fall  ov^nly.  Bag  buoklad  during  ooiupraaaion 
oauaing  ulight  rebound,  OOOD  TEST 

1 

8,42 

3,25 

3,00 

0,(21 

PlatforiR  did  not  fall  avanly.  Bag  Vuoklad  with  ona  and  of 
p,la(tforin  hitting  tha  ground.  FAIR.  TEST 

L 

5,50 

M9I 

i,5Vo,ai 

1,12/0,31 

0,147 

Platform  did  not  fall  overtly,  fkig  buoklad  with  ona  and  of 
platform  hitting  tli«  ground.  FAIR  TEST 

1 

S,06 

2,45 

162 

1,22 

0  120 

Flatfonn  did  not  fall  evanly.  oauaing  buokla  in  bag  during 
oomprvtuvion.  Or.a  and  of  platform  hit  tho  ground.  GAD  TE6i' 

> 

744 

2,45 

2,56 

0,100 

Gag  nlanled  undar  platform.  Platform  did  not  fnll  avanly. 

Platform  hit  into  ground  on  ona  and.  BAD  TEST 

0 

^,48 

2>75 

1,82 

.T43 

0,120 

Bag  flantad  under  platform  at  ground  contact.  Platform 
laancd  on  angl*  bafora  gi'ound  oontaot.  Bad  rabound.  BAD  TEST 

6 

6,10 

6,31 

123 

0.19 

0,143 

Bag  and  platform  fall  evenly |  howovar,  bag  buoklad  alightly 
durirtg  conipreonion  oauaing  platform  ground  impact.  FAIR  TEST 

0 

7,41 

6,06 

1^^ 

1.27 

0,115 

Gag  o.1untod  during  fall.  Bag  buckled  oauaing  platform  to 

Have  ground  iripaut.  BAD  TEST 

>MP«Mr 

123 
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FOUR  BAGS  TEST  DATA 


PJCCORD 

Nft 


IZ 


13 


14 


5  |7»6S 


0719 


07  ZZ 


07Z2 


0736 


99 


3 


0604 


0805 


lo  BlVlosoe 


l\  mi  10033 


uTyl 


0837 


23  riV/|0856 


I0‘D  InoNE  0630 


16-D  NONE  0800 


24-0  NONE  0857 


0840 


AIRBAG,  35 


BLOWOUT  PRESSURE'PSIG  MAXIMl 


4.5 

6 

0.34 

27.05 

4,5 

6 

0.995 

32,04 

4,5 

mm 

0.735 

23,67 

4.5 

6 

0.883 

28.43 

4,5 

6 

0.733 

23,60 

4,5 

6 

0.B44 

27.18 

4.5 

6 

0.940 

30,27 

5.25 

6,5 

0.925 

29,79 

5. 25 

6,5 

0,905 

29,14 

4.5 

6 

0.75 

24,15 

4,5 

6 

0.818 

26,43 

4.5 

6 

29,85 

mm 

6 

0.92 

29.62 

4.5 

6 

0.9IB 

29.56 

5.25 

rai 

0.909 

29,27 

5,2S 

6 

0.91 

29.30 

5.0 

6.5 

0.925 

29,79 

4,5 

6 

0.905 

29,4 

4.5 

6 

0,74 

23.83 

5.0 

6 

0.915 

29,46 

5.5 

6,5 

0.927 

29.85 

1250 


1250 


475  5.52 


S.Za  2,13 


Pa 


5,rr  5.47 


wiiM 


4, 14  4.00 


4,41 


5,86  5,83 


5.36  1,64 


1550 


1550 


ISSO 


1550 


1850 


1850 


(650 


(350 


1350 


1350 


1350 


1350 


1350 


1350 


1850 


1350 


1350 


3,56  4.82 


5,66  4,26 


5,85  3,34 


4,79  3,85 


X  4,91 


3,35  4.02 


3,96 


4,18  1,92 


lO.Z 


9.81 


7,90 


12,2 


9.63 


10.37 


'  X  ■ 


2,94  0,54 


3.86  4.82 


4,21  4,84 


3,65  1.59 


4,07  3,45 


2.44  2,15 


4,29  4.38 


3,90  1,44 


U2  1,21 


(.42  1,38 


1.73 


0,77  |0,72 


3,57  2,92 


3,57  )( 


0,77  0,72 


3,15 


2,37  4,68 


3,67  3.98 


3,50  2,37 


4,36  3,28 


3,96  6.55 


2,17  4,14 


3,25  1,63 


3,90  4.03 


,.86  2,71 


2.56  1,83 


2,42  1,61 


10,8 


10,15 


9,75 


10.15 


10,15 


10,25  11 


10,5 


10,0 


10,3  I! 


10,5 


9.34  13 


9.9 


10.2  11 


I 


a 


BLE  IL 

A,X45*LG,  CYLINDRICAL 


KISETlME  TO  VAXIMUM  PRESSURE  (MaNtE)rSlS 
FRCSSURt  r.C6, 


Pa.  Ps  Pi  IPi  [Pa  I  P3 


13.9  IZ.6|0,13  kl28  0.126  p.lZ  1,41  2.96  0.77  1.69  12.3 


0.114  b.lOS  I.IS  4.42  2.19  4.52  12. 


17,43  15.24  0.112 


14.03  11. oab. IS  X  0.136  0.132 


1668  16.91  0.12 


I 


S 


745 


14.65 


12.77  0.155  0.155  0,145  0.152  1.05  |0,74j0.65  1.23 


I6.2I14.3  0.126  0.138  0.14  0.132  X 


0,127  0.126  X 


DDD 

nnni 


I6.i  15.7  0.123  0,12  0,13  0,121 


15,9  16,4  0.13  0,13  0.125  0.125' 


15,8  14,7  0.16  X  0,142  0,142 


15,5  14,7  0.15  0,15  0,142  0,133  2,23  5.26 


15.1  14.1  O.IZS  p.l2S  0.11  0.107  3,66  5,68 


15,16  14.1 


I3.GZ 


12,20 


.11.55 


2,32  3.8!  5,15  10,68 


1.76  0.29  8.60 


2,01  9.20 


2.59  14.20 


15,3  15,4  0,134 


i 


0.1)  0.10  0.096 


15,00  14,4  0,092  0,093  0,092  0,083  183  4,82  X  4.61  12.40 


15,4  14.16  0,040  0.042  0,042  0,042  1,04  0,60  1.00  2.15  12.40 


0.128  0.122^53 


16,6215,3  0.12  0,118  0126  0,118  0.82  2.86  0.73  2.44  10,12 


16,5  I15.3  0.12  0,12  0,12  0.12  0,98  3,89  1.37  3,41  10.8 


15,3  13,90  0.145  0,154  0,147  0,147  0,23  0,36  0.46  0.72  7.40 


16.44  15.1  0.114  0,11  0,118  0.107  0.72  3.24  1.21  2,75  )2.54 

_ : _ _  . 


16,1  14,65  0.121  0.115  0.114  0.108  0.41  4.14  1,21  3.05 


X 

X 

X 

4.61 

1.00 

2.15 

3.00 

4.19 

0.73 

ITh’ 

1.37 

3,41 

0,46 

0.72 

1.21 

2,75 

1,21 

3.05 

X  -  -“INDISTINGUISHABLE  OR  RECOl 
7"  NESTING  DEPTH  OF  PLATFOKM  ( 
^BAG  height  on  TTST  #|9*4o"  C 


12.3 


19,55 


9,91 


16.46 


13,02 


1,02  I.Ofl  3,76 

. 


1.24  |,98  4,27 


24.60 


27.40 


28.60 


17,3 


17.9 


Z4.6> 


26,8 


27,4 


id.B 


23.8 


23.8 


21. 0 


12. 0 


24.3 


24,5 


2,48 


(.35 


6 


2.71 


2.14 


2. '97 


1.23 


2.15 


4vOl 


4.31 


4.92 


1.25 


2,25 


1.31 


1,75 


1,23 


0,49 


1.02 


0.85 


1.71 


1.69 


1.16 


0.93 


1.39 


1.40 


2.09 


0.68 


1.82 


2.12 


1.36 


1.16 


X 


3,74 


One  big  ' 
bounot  0 


X 


2,83 


4,96 


3,6 


4,40 


9.40 


3,0 


4.60 


BEi 


mm 


2,98 


4,40 


3,70 


3.10 


5,87 


MBo.wtr 


1,69  ia,3 


9  4,S^  It, I 


ID 


745 


14,65 


5  U3  8.28 


13.02 


12,20 


.I1.55 


5,l5  10,68 


0,29  8,60 


2,01  9,20 


2,59  14,20 


14,40 


4,61  12,40 


2,15  (2,40 
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Barrel -fhaped  airbag  mounted  in  free-fall  teat  rig 

FIG.  93 

126 


Cylindrical  Airbag  with  the  variable  diameter  orifice  and  blow  out  bung. 
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Cylindrical  ahapcd  airbags  mounted  in  free-fall-test  rig. 
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